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ABSTRACT 


Lindly,  Jay  K.  Ph.D.,  Purdue  University,  August  1987. 
Development  of  an  Overlay  Design  Procedure  for  Flexible 
Pavements  in  Indiana.  Major  Professor:  Dr.  Thomas  D. 
White. 


A  procedure  for  designing  the  thickness  of  asphaltic 
concrete  overlays  of  flexible  pavements  was  developed  at 
Purdue  University  in  response  to  a  request  from  the  Indiana 
Department  of  Highways  (IDOH).  The  research  included  test- 
ing on  30  flexible  pavement  test  sections.  Two  approaches 
to  the  problem  were  taken:  an  empirical  approach  which 
calculates  the  overlay  thickness  required  to  provide  func- 
tional performance  (ride  quality  and  resistance  to  dis- 
tress) over  the  life  of  the  pavement,  and  a  structural 
overlay  method  which  calculates  the  overlay  thickness 
required  to  prevent  structural  failure. 

Flexible  overlay  design  Method  2  of  the  1986  AASHTO 
Guide  for  the  Design  of  Pavement  Structures  was  selected 
for  structural  capacity  design.  Method  2  uses  NDT  deflec- 
tion data  input  to  calculate  overlay  thickness.  A  negative 
value  for  overlay  thickness  indicates  that  sufficient 
structural  capacity  is  present  without  adding  an  overlay. 


xii 


The  functional  performance  approach  used  Indiana  flex- 
ible pavement  historical  data  to  produce  a  regression  equa- 
tion relating  overlay  thickness  to  traffic,  design  life  of 
the  overlay,  pavement  condition  at  the  end  of  the  design 
life,  and  estimated  subgrade  CBR.  Various  NDT  deflection 
measurements,  climate  zone  data,  and  pavement  layer  thick- 
ness variables  were  included  in  a  variety  of  empirical  ana- 
lyses, but  they  were  not  significant  in  the  analyses. 


Simultaneous  use  of  the  two  design  methods  was  recom- 
mended to  IDOH.  If  values  from  both  methods  are  positive, 
the  larger  value  governs  the  design.  If  the  structural 
value  is  negative,  a  thickness  equal  to  the  functional  per- 
formance design  may  be  milled  and  recycled  back  to  the 
pavement.  Milling  and  recycling  recommendations  for  varia- 
tions on  the  above  situations  were  also  given. 


CHAPTER  1.   INTRODUCTION 


A  survey  of  Federal-Aid  Primary  (FAP)  roads  in  Indiana 
was  conducted  in  1985  as  part  of  an  HRP  Part  II  study 
titled  "Development  of  an  Overlay  Design  Procedure  for 
Pavements  in  Indiana".  As  a  result  of  this  survey,  approx- 
imately 3180  lane-miles  of  flexible  pavement  (containing  no 
Portland  cement  concrete)  were  identified.  That  mileage  is 
contained  in  431  pavements  of  varying  cross-sections  whose 
lengths  may  range  from  under  one-quarter  mile  to  over  10 
miles.  In  many  cases  these  431  sections  have  been  overlaid 
several  times.  For  example,  almost  75  percent  of  the  sec- 
tions have  been  overlaid  at  least  three  times  since  initial 
construction  and  over  25  percent  have  been  overlaid  five  or 
more  times . 

Flexible  pavement  overlay  frequency  is  expected  to 
remain  high.  The  Indiana  Department  of  Highways  (IDOH)  is 
currently  using  a  10-year  design  life  in  their  overlay 
thickness  calculations.  At  that  expected  life,  over  300 
lane-miles  per  year  of  FAP  flexible  pavements  can  be 
expected  to  be  overlaid. 

Currently,  the  IDOH   is   using   an   overlay   thickness 


design  based  on  the  AASHO  Interim  Guide  for  the  Design  of 
Flexible  Pavement  Structures  (1).  A  typical  overlay  design 
involves  calculating  several  overlay  thicknesses  which  vary 
depending  on  the  magnitude  of  the  layer  coefficient 
assigned  to  the  pavement  layers.  One  recent  design  example 
provided  possible  overlay  thicknesses  ranging  from  0.5 
inches  to  4.25  inches;  the  designer  was  required  to  choose 
the  value  within  that  range  which  he  found  appropriate. 

Due  to  the  frequency  and  expense  of  overlays  and  the 
lack  of  precision  in  its  current  overlay  design  method, 
IDOH  funded  the  following  reported  research. 

OVERVIEW  OF  RESEARCH 


The  first  step  in  this  research  was  to  develop  an 
inventory  of  all  the  flexible  pavement  sections  in  the  FAP 
road  system.  The  FAP  system  contains  about  55%  of  the  pave- 
ments maintained  by  the  IDOH,  including  state  roads,  U.S. 
highways,  and  Interstates.  During  the  inventory,  the  fol- 
lowing data  were  stored  in  a  computer  data  base  for  each 
flexible  pavement  section:  pavement  cross-section,  traffic, 
climate  zone,  and  overlay  age.  Other  data  such  as  subgrade 
type  and  layer  strength  data  would  have  been  excellent 
additions  to  the  data  base,  but  they  were  not  readily 
obtainable  at  that  time. 


In  the  next  step,  statistical  design  of  experiment 
techniques  were  used  to  select  thirty,  1250  ft.  long  pave- 
ment test  sections  which  were  representative  of  the  flexi- 
ble pavement  sections  throughout  the  state.  Each  pavement 
section  was  surveyed  for  pavement  distresses  and  tested 
with  four  types  of  non-destructive  test  (NDT)  eauipment : 

1)  Dynaflect.  A  Dynaflect  and  technician  was  made  avail- 
able to  the  research  team  by  the  IDOH  Research  & 
Training  Center  (R&T). 

2)  Road  Rater  400  (RR400).  A  RR400  and  a  technician  were 
made  available  by  the  Kentucky  Transportation  Research 
Center  . 

3)  Road  Rater  2000  (RR2000).  A  RR2000  and  a  technician 
were  made  available  from  the  Kentucky  Department  of 
Transportation. 

4)  Dynatest  Falling  Weight  Def lectome ter  (FWD).  An  FWD 
device  was  obtained  on  loan  from  the  U.S.  Army  Corps 
of  Engineers  Waterways  Experiment  Station. 


NDT  testing  was  conducted  twice  in  1986  —  once  in  the 
spring  and  once  in  the  summer/fall  —  so  that  seasonal 
differences  in  NDT  results  could  be  analyzed.  Each  1250' 
long  test  section  was  tested  in  at  least  six  locations 
within   its   length.    Five-day   temperature   history    and 


pavement  surface  temperature  during  testing  was  obtained 
for  all  NDT  testing.  In  addition,  cores  and  subgrade  sam- 
ples were  collected  from  all  sections  and  tested. 

The  accumulated  data  were  analyzed  both  by  empirical 
and  structural  capacity  methods.  In  the  empirical  method, 
statistical  analysis  was  applied  to  the  data  to  determine 
"what  worked",  and  under  what  conditions.  In  the  struc- 
tural capacity  method,  the  NDT  data  were  analyzed  using  the 
flexible  pavement  overlay  design  procedure  in  the  1986 
AASHTO  Guide  for  Design  of  Pavement  Structures  (l ) . 

ORGANIZATION  OF  THESIS 

The  research  described  in  this  thesis  represents  one- 
half  of  an  overall  research  effort  to  produce  new  overlay 
thickness  design  techniques  for  both  flexible  and  rigid 
pavements  in  Indiana.  As  a  consequence,  much  of  the  pro- 
ject planning  and  data  gathering  aspects  of  the  two  areas 
of  the  research  were  concurrent.  The  common  aspects  of  the 
two  research  areas  are  described  in  detail  in  Appendix  A 
(2),  which  is  a  previously  unpublished  memo  by  N.D. 
Pumphrey,  Jr.  and  J.K.  Lindly  describing  in  detail  the  FAP 
data  base  development,  design  of  experiment  and  field 
testing.  Although  these  subjects  are  also  treated  in  the 
main  body  of  this  thesis,  they  are  covered  in  less  detail. 
Thus,  if  more  detail  is  desired,  Appendix  A  should  be 
consulted . 


CHAPTER  2.   REVIEW  OF  LITERATURE 

Much  has  been  written  about  using  deflections  obtained 
with  non-destructive  test  (NDT)  devices  to  design  the 
thickness  of  asphaltic  concrete  overlays.  In  NDT  testing,  a 
load  is  applied  to  the  surface  of  a  pavement,  and  the 
resulting  surface  deflections  are  measured  at  the  load  and 
for  several  feet  away  from  the  load.  As  described  by 
Moore,  Hanson,  and  Hall  (3)  and  by  Smith  and  Lytton  (4), 
the  load  can  be  applied  to  the  pavement  in  a  variety  of 
ways  : 

1.  Through  a  static  loading  device  such  as   the   LaCroix 
Def lectograph. 

2.  Through  a  steady  state  dynamic  loading  device  such  as 
the  Dynaflect  or  Road  Rater. 

3.  Through  an  impulse  (impact)  loading   device   such   as 
the  Falling  Weight  Def lectomet er  (FWD). 

The  same  authors  add  that  wave  propagation  NDT  devices 
have  also  been  built  but  are  not  used  routinely. 

Thollen  (5)  compares  the  routinely  used   test   devices 


in  terras  of  their  abilities  to  transmit  a  load  to  the  pave- 
ment which  most  resembles  a  moving  wheel  load.  He  found 
that  the  FWD's  are  superior  in  this  respect.  As  a  group  the 
FWD's  are  also  capable  of  supplying  heavy  loads  (in  the  9- 
kip  range)  which  best  resemble  the  load  transmitted  by  a 
standard  18-kip  axle  load. 

The  major  types  of  NDT  devices  have  been  ranked  by 
Lytton,  Roberts,  and  Stoffels  (6)  for  their  "total  utility 
for  project-level  use"  and  for  their  "total  utility  for 
network-level  use".  Two  FWD's  were  at  the  top  of  both 
lists.  However,  all  four  devices  used  in  the  current 
research  project  —  the  Dynatest  FWD ,  the  Dynaflect,  the 
Road  Rater  400,  and  the  Road  Rater  2000  —  were  all  ranked 
among  the  top  six  devices  in  both  rankings. 

There  are  two  main  methods  of  interpreting  NDT  deflec- 
tion results  to  design  overlay  thicknesses:  empirical 
methods  and  analytical  (mechanistic)  methods. 

EMPIRICAL  METHODS 


Finn  and  Monismith  (7)  describe  and  review  several 
empirical  methods  for  designing  asphalt  overlays  using  NDT 
deflections  such  as  the  Asphalt  Institute  Method  (8),  the 
Transport  and  Road  Research  Laboratory  (TRRL)  method, 
and  the  State  of  California  (Caltrans)  method.  Each  of 
these   methods   use   years   of  deflection  data  to  determine 


empirical  relationships  between  NDT  deflection  and  the 
amount  of  future  traffic  that  the  pavement  can  sustain 
before  failure.  If  field  data  shows  that  a  pavement's 
deflection  is  so  large  that  it  will  not  be  able  to  accommo- 
date the  projected  future  traffic,  then  an  overlay  is 
reaui  red . 

Figures  2.1  and  2.2  are  used  to  demonstrate  the 
Asphalt  Institute  overlay  design  Method.  Figure  2.1  relates 
remaining  life  in  18-kip  ESAL  to  rebound  deflections  using 
the  Benkelman  Beam.  After  consulting  Figure  2.1,  if  an 
overlay  is  required,  Figure  2.2  is  used  to  calculate  the 
asphalt  overlay  thickness  that  must  be  added  to  achieve  a 
reduction  in  deflection.  The  curves  in  Figure  2.2  were 
developed  using  elastic-layer  theory.  The  California 
Method  and  the  TRRL  Method  use  charts  similar  the  Asphalt 
Institute  which  are  based  on  experience,  not  elastic-layer 
theory . 

ANALYTICALLY-BASED  METHODS 

Analytically-based  analysis  methods  use  NDT  deflection 
measurements  to  estimate  (back  calculate)  the  moduli  of 
elasticity  of  the  pavement  layers.  In  this  approach,  the 
methods  employ  a  computer  based  layered-elastic  analysis 
procedure  such  as  Bisar  (10).  The  computer  programs  perform 
iterative     calculations    to    match    computed    surface 
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Figure  IV-6 — Asphalt  concrete  overlay  thickness  required  to 
reduce  pavement  deflections  from  a  measured  to  a  design 
deflection  value  (rebound  test) 


Figure  2.2   Asphalt  Institute  Required  Overlay. 
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deflections  with  NDT  surface  deflections   measured   in   the 
field.  In  general,  they  all  work  in  the  same  way: 

1.  Pavement  layer  types  and  thicknesses  are  entered 

2.  Magnitude  and  contact  area  of  applied  field   load   is 
entered 

3.  Surface  deflections  measured  in  field  are  entered 

4.  Initial  values  of  moduli  of  elasticity  are  assumed 

5.  Poissons  ratio  for  the  layers  are  assumed 

6.  Theoretical  surface  deflections  are  calculated   using 
input  parameters  and  equations  of  mechanics 

7.  Differences  between  field  deflection  measurements  and 
theoretical  deflections  are  calculated 

8.  If  differences  are  small,   print   moduli   values   and 
quit.   If  not,  adjust  moduli  and  return  to  step  6. 


After  the  moduli  of  elasticity  of  the  layers  are 
estimated,  the  remaining  pavement  fatigue  life  is  estimated 
from  an  empirical  fatigue  relationship.  The  fatigue  rela- 
tionship usually  relates  radial  tensile  strain  at  the  bot- 
tom of  the  existing  asphalt  layer  to  the  number  of  18-kip 
ESAL  at  failure.  Remaining  life  is  calculated  as  the 
number  of  18-kip  ESAL  at  failure  minus  the  number  of  18-kip 
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ESAL  that  the  road  has  already  experienced.  If  the 
predicted  future  traffic  exceeds  estimated  remaining  life, 
an  overlay  is  required.  The  overlay  thickness  is  the 
asphalt  thickness  required  to  lower  the  radial  tensile 
strain  to  a  level  which  will  not  produce  fatigue  failure 
under  the  predicted  future  traffic.  Thus,  to  perform  these 
calculations,  past  fatigue  history  and  predicted  future 
traffic  of  the  pavement  are  important  parameters. 

Rutting  failure  is  considered  in  addition  to  fatigue 
failure  in  many  overlay  design  methods.  An  empirical  rela- 
tionship between  the  number  of  18-kip  ESAL  which  will  cause 
unacceptable  rutting  and  stresses  and  strains  in  the  pave- 
ment layers  is  established.  Remaining  pavement  life  before 
rutting  and  any  required  overlay  thickness  to  prevent  rut- 
ting are  calculated  by  methods  analagous  to  the  fatigue 
failure  calculations.  The  larger  of  the  rutting  and 
fatigue  overlays  is  then  selected  as  the  design  overlay. 

Two  layered-elastic  analytical  methods  are  the  FHWA- 
Austin  Research  Engineers  (POD)  Method  (11,12  )  and  the 
FHWA-Resource  International,  Inc.  (OAF)  Method  (13). 
Both  methods  use  the  ELSYM5  program  to  compute  elastic 
moduli.  However,  they  differ  in  their  approach  to  remain- 
ing life  calculation.  OAF  defies  convention  and  assumes 
that  previous  fatigue  history  of  a  pavement  pavement  has  no 
bearing   on   remaining  life.   OAF  calculates  remaining  life 
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with  the  following  equation: 

N   =  7.56  x  10~12  (1/e)4'68  (2.1) 

where   N   is  remaining  life 

e  is  horizontal  tensile  strain  at  the 
bottom  of  the  existing  asphalt  layer. 

OAF  does  not  include  a  rutting  criteria  "primarily   because 

rutting  of  overlaid  pavements  is  most  often  associated  with 

unstable  paving  mixes." 

POD  employs  the  conventional  approach  to  remaining 
life  calculations  as  described  earlier.  The  following 
fatigue  relationship  is  used: 

N  =  9.73  x  10~15  (l/et)5'16  (2.2) 

where   N  is  the  number  of  allowable 

18-kip  single  axle  load  applications 

e   is  the  horizontal  tensile  strain 

at  the  bottom  of  the  existing  asphalt  layer 

A  regression  equation  based  on  results  from  the  AASHO   Road 

Test  has  been  developed  for  rutting: 


N  =  f (R,  a's ,  e's)±E  (2.3) 

where:   N  =  the  number  of  applications  of  the  design  load 
R  =  the  allowable  rut  depth  for  design 
a's  =  stresses  in  the  pavement  layers 
e's  =  strains  in  the  pavement  layers 
E  =  error  term 
However,  the  equation  "is  only  valid  for  analyzing  overlays 
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greater  than  three  inches"  because  the  elastic  layer  com- 
puter program  used  in  the  analysis  does  not  calculate  reli- 
able stress  and  strain  values  for  thin  surface  layers. 

In  addition  to  layered-elastic  analysis,  finite  ele- 
ment analysis  methods  have  been  used  by  Hoffman  and  Thomp- 
son (15)  to  back-calculate  moduli  of  elasticity  from  NDT 
deflection  basins.  However,  iterative  use  of  a  finite  ele- 
ment analysis  results  in  excessive  computer  time  and  asso- 
ciated expense.  Alternatively  regression  equations  were 
developed  by  Hoffmann  and  Thompson  to  approximate  the 
results  that  would  be  obtained  using  an  iterative  process. 
Unfortunately,  because  the  properties  of  the  base  course 
were  not  varied  in  this  analysis,  the  results  are  valid 
only  for  pavements  which  have  base  courses  similar  to  that 
used  in  the  original  analysis. 

Objections  to  Analytically-Based  Methods 

Though  analytically-based  methods  —  in  particular, 
the  layered-elastic  methods  —  are  being  increasingly 
recommended,  they  rely  on  a  variety  of  assumptions  which 
receive  criticism.  In  general,  each  pavement  layer  is  con- 
sidered to  be  linear-elastic,  homogeneous,  and  isotropic; 
infinite  in  lateral  extent;  and  the  subgrade  is  assumed  to 
be  semi-infinite  in  depth.  Smith,  Darter,  and  Lytton  (17) 
and   Uddin,   Meyer,   and   Hudson   (16)   list   some   of   the 
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criticisms  of  layered-elastic  methods: 

1.  The  possibility  of  non  uniqueness  of  in  situ  moduli 
(in  a  multi-layered  pavement,  several  combinations  of 
moduli  can  yield  similar  deflection  basins.) 

2.  There  can  be  difficulty  in  determining  the  in-place 
moduli  of  granular  subgrades. 

3.  There  can  be  difficulty  in  determining  the  in-place 
moduli  of  thin  asphalt  surfaces. 

4.  Most  mechanistic  procedures  rely  on  empirical  rela- 
tionships between  theoretical  strain  or  stress  and  a 
failure  criteria. 

DESIGN  DEFLECTIONS 

Results  of  deflection  tests  will  vary  throughout  a 
pavement  section.  If  there  are  significant  variations  in 
deflections,  the  pavement  should  be  divided  into  separate 
analysis  units.  In  an  extreme  case,  each  analysis  unit  may 
require  a  different  thickness  of  overlay.  Part  III  of  the 
1986  AASHTO  Guide  (  l)  recommends  that  the  "cumulative 
difference"  approach  be  used  to  distinguish  breakpoints 
between  analysis  units. 


Within  each  analysis  unit,  there  will  still  be   varia- 
tion  of   deflection   measurements.   The  deflection  that  is 
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selected  to  be  representative  of  that  analysis  unit  is 
termed  the  design  deflection.  A  design  deflection  is 
obtained  by  specifying  the  percentage  of  deflection  read- 
ings inside  that  analysis  unit  which  are  smaller  than  the 
design  deflection.  The  80th  to  90th  percentile  is  usually 
chosen,  e.g.,  the  Caltrans  method  specifies  the  80th  per- 
centile, the  Shell  (18  )  method  specifies  the  85th  percen- 
tile, and  the  Kentucky  method  (19)  specifies  the  90th  per- 
centile . 

TEMPERATURE  AND  SEASONAL  CORRECTIONS 

Temperature  has  a  significant  effect  on  asphaltic 
cement  and  therefore  on  asphaltic  concrete  mixture  stiff- 
ness. Deflections  on  flexible  pavements  cannot  be  compared 
unless  they  are  adjusted  to  a  common  temperature.  For  this 
project,  a  procedure  for  temperature  corrections  was  pro- 
vided by  Gupta  (20).  The  procedure  involves  determining  a 
mean  asphalt  pavement  temperature  using  the  method  by 
Southgate  (21).  Required  inputs  to  this  method  are  asphalt 
surface  temperature,  5-day  temperature  history,  time  of  day 
of  the  test,  and  geographical  location  of  the  test  section. 
Using  the  calculated  mean  pavement  temperature  factor  for 
each  section,  the  appropriate  temperature  correction  fac- 
tors can  be  taken  from  Appendix  L  of  the  1986  AASHT0  Guide 
(1). 
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Although  pavement  structural  capacity  is  lowest  during 
spring  thaw,  the  period  of  time  in  which  these  conditions 
exist  is  short.  Therefore,  NDT  deflections  from  tests  con- 
ducted during  the  longer  summer/fall  seasons  are  often 
corrected  to  give  the  deflection  that  would  be  expected 
during  the  critical  spring  thaw  period.  Gupta  (20)  also 
developed  seasonal  corrections  for  deflection  as  part  of 
this  research  project.  A  regression  analysis  was  performed 
on  deflections  from  the  same  pavement  sections  taken  during 
the  spring  and  summer  periods  of  1986.  His  work  is  an 
extension  and  improvement  on  the  work  begun  by  Metwali  (22) 
and  Mohan  (23  )  . 

MODULUS  CORRECTION  FACTORS 

Temperature  adjustment  factors  are  not  applied  to  the 
input  deflection  values  when  layered-elastic  theory  is  used 
to  back  calculate  modulus  of  elasticity  values  of  the 
asphaltic  concrete  portion  of  a  pavement  (7).  Instead, 
correction  factors  are  applied  to  the  estimated  modulus. 
Appendix  L  of  the  1986  AASHTO  Guide  (1)  supplies  recom- 
mended temperature  adjustment  factors  for  asphaltic  con- 
crete modulus. 

CLIMATE  ZONES 

Yoder  et  al .  (24,25)  established  two  climatic  zones  in 
Indiana   —   north  and  south.  The  boundaries  of  the  climate 
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zones  were  based  on  the  work  of  van  Til  et  al.  (26).  They 
have  subsequently  been  used  in  two  further  studies  examin- 
ing pavement  maintenance  (27,28). 

SERVICEABILITY  INDEX  AND  CONDITION  INDEX 

Present  serviceability  index  (PSI)  and  pavement  condi- 
tion index  (PCI)  are  measures  of  pavement  serviceability 
performance  and  condition,  respectively.  In  Indiana,  PSI 
are  obtained  yearly  by  the  Indiana  Department  of  Highways 
(IDOH).  Harness  et  al.  (29)  present  an  account  of  the 
methods  of  data  acquisition  and  treatment  used  to  arrive  at 
the  PSI  values.  PSI  is  measured  on  a  scale  of  from  0  to  5. 
Any  value  above  4  indicates  that  the  pavement  retains 
excellent  serviceability;  a  value  below  2.5  indicates  that 
the  pavement's  serviceability  is  low. 

Pavement  condition  index  (PCI)  is  a  pavement  condition 
evaluation  system  developed  by  the  US  Army  Corps  of 
Engineers  (30).  A  pavement's  PCI  value  reflects  the  type, 
severity,  and  extent  extent  of  distress  present  on  a  pave- 
ment surface.  It  measures  such  distresses  as  polishing, 
rutting,  and  a  variety  of  crack  types.  PCI  is  measured  on 
a  scale  of  from  0  to  100.  For  each  distress  severity  and 
extent,  a  deduct  value  is  subtracted  from  100.  A  PCI  value 
of  100  indicates  a  roadway  in  excellent  condition;  a  value 
of  25  indicates  a  roadway  in  poor  condition. 
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ESTIMATING  CBR  VALUES 

The  California  Bearing  Ratio  (CBR)  of  a  subgrade  is  a 
relative  measure  of  the  ability  of  that  subgrade  to  sustain 
load.  Methods  are  available  for  estimating  a  CBR  value  of 
a  soil.  Black  has  put  forward  techniques  for  estimating 
the  CBR  of  cohesive  (3l)  and  cohesionless  soils  (32). 
Black's  approach  uses  data  from  common  laboratory  tests 
such  as  the  liquid  limit  and  plastic  limit  tests  to  esti- 
mate CBR.  However,  the  charts  used  in  his  method  are  lim- 
ited. 

The  Portland  Cement  Association  has  published  a  chart 
which  may  be  used  to  estimate  CBR  (33).  In  the  chart,  the 
AASHTO  soil  classification  and  Unified  soil  classification 
categories  have  been  scaled  to  CBR  as  well  as  to  other  soil 
strength  indices.  The  chart  is  shown  in  Figure  2.3. 

EQUIVALENT  THICKNESS 

In  some  instances,  it  may  be  useful  to  characterize 
the  combination  of  the  asphaltic  concrete  and  the  base 
and/or  subbase  of  a  flexible  pavement  into  one  "equivalent 
thickness"  of  asphaltic  concrete.  To  do  so,  one  must  assume 
equivalent  values  (in  terms  of  inches  of  asphaltic  con- 
crete) for  an  inch  thickness  of  base  or  subbase.  AASHO  has 
published  equivalencies  (34).  Gomez  and  Thompson  (35)  have 
compiled   a   list   of   studies   which   indicates   that   the 
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(1)  For  ihe  basic  '(Sea,  see  O.  J.  Porter.  "Foundations  lor  Flexible  Pavements. '  Highway  Research  Board  Proceedings  of  the  Twenty-second  Annual 
Meeting.  1942.  Vol   22.  pages  100-136. 

(2)  ASTM  Designation  D2487 

(3)  "Classification  ol  Highway  Subgrade  Materials."  Highway  Research  Board  Proceedings  of  the  Twentytitth  Annual  Meeting,  1945.  Vol   25.  pages 
376-392. 

I*)  Airport  Paving,  U.S.  Department  of  Commerce.  Federal  Aviation  Agency.  May  1948.  pages  11-16    Estimated  using  values  given  in  FAA  Design 
Manual  lor  Airport  Pavements. (Formerly  used  FAA  Classification;  Unified  Classification  now  used.) 

(5)  C.  E.Warnes,  "Correlation  Between  ft  Value  and  k  Value."  unpublished  report.  Portland  Cement  Association.  Rocky  Mountain-Northwest 
Region.  October  1971  (best-fit  correlation  with  correction  for  saturation). 

(6)  See  T.  A.  Middlebrooks  and  G.  E.  Bertram.  "Soil  Tests  tor  Design  of  Runway  Pavements,"  Highway  Research  Board  Proceedings  ol  the  Twenty 
second  Annual  Meeting,  1942.  Vol.  22.  page  152. 

(7)  See  item  (6).  page  184. 


Figure    2.3       PCA    Soils    Chart. 
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following   set   of   equivalencies   is   more   accurate:    1" 
asphaltic  concrete  equals  2"  base  which  equals  3"  subbase. 
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CHAPTER  3.   DATA 

A  significant  volume  of  data  was  collected  and 
developed  as  part  of  this  research,  and  that  data  is 
presented  in  Appendix  C.  Not  all  of  the  data  has  been  util- 
ized, and  the  objective  of  this  chapter  is  to  present  and 
discuss  the  data  that  was  ultimately  used  in  the  analysis. 

In  addition  to  the  data  presented  in  Appendix  C, 
Appendix  B  describes  the  locations  of  the  30  pavement  sec- 
tions tested  during  the  research.  First,  a  written 
description  of  each  section  is  given.  Second  each  section 
is  located  on  individual  maps  of  the  six  highway  districts 
in  Indiana. 

Appendix  A  presents  much  more  detailed  accounts  of  the 
methods  of  experiment  design  and  data  collection  than  are 
given  in  this  chapter.  For  instance,  it  presents  detailed 
information  on  statistical  methods  used  to  select  the  30 
design  sections  as  well  as  on  the  individual  NDT  devices.  A 
list  of  the  topics  covered  in  Appendix  A  follows: 


1.  The  process  of  building  a  data  base  for  all  flexible 
pavement  sections  in  the  Indiana  Federal-Aid  Primary 
(FAP)  road  system.    The   data   base   includes   AADT, 
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percent  trucks,  and  pavement  cross-section  data 

2.  Climate  zones  in  Indiana 

3.  Establishing  the  statistical  design  of  experiment 

4.  The  process  of  selecting  flexible  pavement  test   sec- 
tions 

5.  Field  NDT  testing 

6.  NDT  devices 

7.  Pavement  cores  and  soil  borings 

8.  Pavement  serviceability  (PSI)  and  pavement   condition 
(PCI)  data 

9.  Independent  deflection  measurements 

Only  a  brief  discussion  of  these  topics  will   be   presented 
in  this  chapter. 

DATA  BASE  PREPARATION 


Paper  records  from  the  Planning  Division  of  the  IDOH 
were  used  to  obtain  data  on  each  of  the  431  distinct  flexi- 
ble pavement  sections  in  the  FAP  highway  system  in  Indiana. 
The  data  was  used  to  quantify  the  variation  in  the  flexible 
pavement  system  so  that  a  statistical  design  for  experiment 
could   be   formulated.    The  information  about  each  section 
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was  also  useful  in  the  selection  of  the  30  test  sections, 
as  each  section  was  required  to  fulfill  different  require- 
ments as  to  layer  thicknesses,  climate  zone  location,  etc. 
Five  types  of  data  was  included  in  the  data  base: 

1.  Layer  thicknesses 

2.  Current  overlay  ages 

3.  Layer  material  types 

4.  Traffic  —  including  AADT  and  percent  trucks 

5.  Climate  zone  —  North  or  South 

Other  data  such  as  subgrade  type  and  pavement  condition 
index  would  have  made  valuable  additions  to  the  data  base, 
but  they  were  unavailable  at  that  time.  These  important 
data  were  obtained  for  the  30  test  sections  later  in  the 
research  and  used  in  the  data  analysis. 

For  ease  of  retrieval  and  manipulation,  the  five  types 
of  data  which  were  obtained  were  stored  in  computer  files 
with  the  aid  of  a  data  base  manager  software  package  (36). 

DESIGN  OF  EXPERIMENT 


Statistical  design  of  experiment  methods  were  used  to 
select  a  set  of  flexible  pavement  test  sections  which  were 
representative  of  the  FAP   system   and   which   when   tested 
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would  provide  a  maximum  amount  of  useful  data  with  a  given 
amount  of  money  and  testing  time  consumed.  The  first  part 
of  the  process  was  to  assemble  a  list  of  the  pavement 
characteristics  which  were  most  likely  to  affect  overlay 
performance.  The  list  follows: 

1.  Overlay  thickness 

2.  Thickness  of  asphalt  beneath  the  most  recent  overlay: 
hereafter  called  "base  asphalt"  thickness 

3.  Traffic.  Trucks  per  day  was  selected  as  the  traffic 
statistic  with  the  most  impact  on  overlay  perfor- 
mance . 

4.  Climate  zone   location. 


A  design  of  experiment  was  formulated  to  test  for  the  vari- 
ability of  those  four  characteristics. 

The  first  step  in  designing  an  experiment  is  to  estab- 
lish the  reference  space  for  each  of  the  variables.  In 
this  research,  two  climate  zones  were  identified  in  the 
state  (Figure  3.1).  In  each  climate  zone,  a  three-factor, 
three-level  composite  design  was  developed  which  contained 
low,  medium,  and  high  levels  of  all  three  factors.  The  com- 
posite design  required  15  test  sections  in  each  climate 
zone,  for  a  total  of  30  test  sections. 
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Figure  3.1   Indiana  Climate  Zones, 
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As  mentioned  previously,  the  original  data  base  was 
used  to  identify  the  30  pavement  sections  which  satisfied 
the  design  of  experiment  requirements.  The  search  of  the 
data  base  was  greatly  facilitated  by  use  of  the  data  base 
manager  software. 

DATA  FROM  TEST  SECTIONS 

The  design  of  experiment  was  completed  in  late  1985. 
Subsequently,  plans  were  made  to  test  the  30  selected  flex- 
ible pavement  sections.  Traffic  control  was  provided  by 
IDOH  District  Offices  during  field  testing.  In  addition, 
the  Districts  obtained  pavement  core  samples  from  each  test 
section.  The  IDOH  Division  of  Materials  and  Tests  agreed 
to  take  subgrade  samples  from  each  of  the  test  sections. 
Roughness  data  and  the  Dynaflect  NDT  device  and  operator 
were  obtained  from  the  IDOH  Research  &  Training  Center 
(R&T). 

Field  testing  involved  conducting  load-deflection 
tests  with  four  different  NDT  test  devices  in  both  a  spring 
and  a  summer/fall  test  period  and  performing  condition  sur- 
veys on  each  pavement  test  section. 

Layer  Thicknesses 

The  IDOH  Division  of  Materials  and  Tests  cored  each  of 
the   30   test  sections  at  the  third  points.   From  these  two 
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cores,  asphalt  layer  thicknesses  and  subbase  layer 
thicknesses  were  determined.  (Note:  in  this  research,  the 
term  "subbase"  describes  all  aggregate  between  the  bitumi- 
nous layer  and  the  subgrade.  Generaly,  such  aggregate  is 
composed  of  base  and,  sometimes,  subbase  layers.  However, 
field  investigations  for  this  research  were  unable  to  dis- 
tinguish base  and  subbase  layers,  and  the  aggregate 
recovered  was  not  of  the  quality  generally  associated  with 
base  materials.  Thus,  all  aggregate  was  termed  "subbase".) 
These  thickness  data  are  included  with  other  information 
presented  in  Table  3.1: 

1.  Thickness  of  the  most  recent  overlay 

2.  Thickness  of  the  "base  asphalt",  the  asphalt  which 
underlies  the  most  recent  overlay 

3.  Subbase  thickness 

4.  Pavement  equivalent  thickness.  As  described  in 
Chapter  2,  the  equivalent  thicknesses  is  calculated 
as  the  base  asphalt  thickness  plus  one-third  the  sub- 
base  thickness  . 


5.   Distance  from  pavement  surface   to   the   subgrade   or 
total  thickness  above  the  subgrade. 


28 


Table  3.1   Asphalt  Test  Section  Layer  Thicknesses. 


Base 

Distance 

Overlay 

Asphalt 

Subbase 

Equiv . 

to 

Sect. 

Thick. 

Thick. 

Thick. 

Thick. 

Subgrade 

No. 

(in.) 

(in.) 

(in.) 

(in.) 

(in.) 

L-10 

1.3 

4.6 

7.2 

7.0 

11.8 

L-ll 

1.5 

6.4 

5.2 

8.1 

11  .6 

L-12 

2.2 

9.8 

13.8 

14.4 

23.6 

L-13 

3.2 

9.5 

25.2 

17.9 

34.7 

L-14 

1.0 

10.6 

6.6 

12.8 

17.2 

L-15 

2.3 

5.8 

4.4 

7.3 

10.2 

L-16 

1.8 

5.3 

6.1 

7.3 

11  .4 

L-17 

1.1 

5.5 

0.0 

5.5 

5.5 

F-13 

1.9 

5.6 

15.6 

10.8 

21  .2 

F-14 

0.8 

9.5 

19.2 

15.9 

28.7 

F-15 

1  .6 

7.1 

13.0 

11  .4 

20.1 

F-16 

3.1 

3.3 

12.0 

7.3 

15.3 

F-17 

2.7 

12.8 

0.0 

12.8 

12.8 

F-18 

2.5 

11.0 

2.4 

11  .8 

13.4 

F-19 

1.6 

7.5 

6.0 

9.5 

13.5 

S-08 

2.1 

12.  1 

13.2 

16.5 

25.3 

S-09 

1.4 

8.5 

17.5 

14.3 

26.0 

S-10 

1.6 

10.0 

14.4 

14.8 

24.4 

S-ll 

3.0 

4.0 

6.0 

6.0 

10.0 

S-12 

2.4 

10.8 

7.6 

13.3 

18.4 

S-13 

1.0 

6.5 

5.0 

8.2 

11.5 

S-14 

2.0 

9.0 

13.0 

13.3 

22.0 

S-15 

1.9 

8.6 

6.0 

10.6 

14.6 

S-16 

1.8 

6.2 

8.6 

9.  1 

14.8 

V-06 

1.1 

5.0 

13.  1 

9.4 

18.  1 

V-07 

2.8 

8.4 

4.8 

10.0 

13.2 

V-08 

1.9 

11.2 

5.0 

12.9 

16.2 

V-09 

3.0 

13.0 

0.0 

13.0 

13.0 

V-10 

2.8 

13.4 

0.0 

13.4 

13.4 

C-08 

2.0 

13.5 

14.4 

18.3 

27.9 
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Serviceability  Index  and  Condition  Index 

Two  measures  of  pavement  condition  are  its  servicea- 
bility index  and  pavement  condition  index.  The 
serviceability  index  (in  units  of  PSI)  was  provided  by  the 
IDOH  R&T  from  yearly  pavement  roughness  surveys.  In  that 
survey,  a  regression  equation  is  applied  to  roughness  as 
measured  by  the  Cox  PCA  roadmeter  to  arrive  at  PSI  values. 
The  roughness  value  is  essentially  a  measure  of  the  number 
and  size  of  bumps  experienced  by  an  automobile  passenger 
traveling  over  a  length  of  road.  The  pavement  condition 
index  (PCI)  was  measured  by  the  NDT  crew  during  the 
summer/fall  test  period.  As  previously  discussed  in 
Chapter  2,  PCI  measures  type,  severity,  and  extent  of  pave- 
ment surface  distresses  such  as  rutting,  polishing,  various 
types  of  cracking,  etc. 

The  roughness  test  data  is  automatically  recorded  by  a 
test  vehicle  moving  over  the  pavement  at  50  mph,  while  the 
condition  survey  data  is  obtained  by  men  on  foot  who  may 
cover  as  little  as  150  lineal  feet  of  pavement  in  one-half 
hour.  Thus,  the  PCI  gives  a  more  detailed,  and  thus  perhaps 
better,  description  of  the  condition  of  the  pavement. 

PSI  and  PCI  values  for  the  test  sections  are  presented 
in  Table  3.2,  and  complete  condition  survey  forms  for  each 
of  the  30  test  sections  are  presented  in  Appendix   D.    PCI 
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Table  3.2   Road  Condition  Data. 


PCI  Minus: 

PCI  Minus: 

Edge  Cracks , 

Edge  Cracks , 

Edge  Drop  , 

Sect  . 

Edge  Drop, 

Bleeding  , 

No. 

PSI 

PCI 

Bleeding , 
Polishing 

Polishing  , 
Rutting 

L-10 

2.2 

34 

43 

77 

L-l  1 

2.4 

__ 

__ 

— 

L-12 

3.3 

89 

97 

97 

L-13 

2.6 

— 

— 

— 

L-14 

2.7 

52 

55 

69 

L-15 

2.3 

67 

69 

69 

L-16 

2.3 

38 

43 

67 

L-17 

3.0 

84 

88 

88 

F-13 

2.5 

64 

65 

77 

F-14 

3.5 

68 

81 

81 

F-15 

2.9 

— 

— 

— 

F-16 

2.6 

39 

37 

77 

F-17 

2.8 

80 

80 

80 

F-18 

3.0 

44 

47 

63 

F-19 

3.1 

— 

-- 

— 

S-08 

5.0 

90 

100 

100 

S-09 

3.6 

60 

71 

71 

S-10 

2.95 

70 

70 

84 

S-ll 

3.2 

80 

80 

80 

S-12 

3.55 

91 

94 

94 

S-13 

3.0 

68 

68 

82 

S-14 

3.4 

38 

38 

57 

S-15 

3.2 

78 

82 

82 

S-16 

2.4 

70 

73 

84 

V-06 

2.9 

57 

58 

70 

V-07 

2.65 

52 

52 

81 

V-08 

3.2 

77 

83 

83 

V-09 

3.2 

58 

60 

85 

V-10 

3.  15 

59 

59 

100 

C-08 

3.6 

94 

94 

94 
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and  PSI  both  gives  measures  of  pavement  condition,  but  they 
do  not  measure  the  same  physical  phenomena  to  arrive  at 
their  respective  values.  The  last  two  columns  of  Table  3.2 
present  PCI  values  which  do  not  include  deductions  for  dis- 
tresses that  may  not  be  recorded  by  the  Cox  PCA  roadmeter. 
These  values  will  be  used  in  a  later  analysis  to  attempt  to 
find  a  correlation  between  PSI  and  PCI. 

In  Table  3.2,  PCI  values  for  four  of  the  test  sections 
are  missing.  This  is  because  surface  treatments  had  been 
recently  applied  to  those  four  pavements,  covering  the  dis- 
tresses which  would  have  been  recorded  in  the  pavement  con- 
dition survey. 

Alligator  Cracking 

The  PCI  survey  measures  alligator  cracking,  which  is  a 
distress  indicator  of  structural  failure  in  flexible  pave- 
ments. Only  one  test  section  exhibited  more  than  isolated 
alligator  cracking:  8.3  percent  of  the  pavement  surface 
area  of  section  S-14  exhibits  medium  severity  alligator 
cracking. 


Subgrade  Investigations 

The  IDOH  Division  of  Materials  and  Tests  obtained  one 

sample   of   subgrade  material  in  each  of  the  1250-foot  long 

test  sections.  After  coring  through  the  asphalt  layers  and 
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the  the  subbase,  four  feet  of  3-inch  diameter  shelby  tube 
was  pushed.  The  subgrade  samples  were  tested  by  AASHTO 
standards  for  liquid  limit,  plastic  limit,  density,  mois- 
ture content,  and  -particle  size  distribution.  From  this 
data,  the  subgrades  were  classified  by  the  AASHTO  and  Uni- 
fied soil  classification  systems. 

Provisions  were  not  made  in  the  current  research  for 
in-place  CBR  tests  or  further  laboratory  studies  of  the 
subgrade  soils.  However,  at  least  a  good  estimate  of  the 
subgrade  strength  was  desired  for  the  analysis.  An  esti- 
mate of  CBR  was  made  by  using  the  AASHTO  classification, 
Unified  classification,  and  plasticity  index  (PI)  of  the 
soils.  For  each  subgrade,  CBR  ranges  for  the  two  classifi- 
cations were  read  from  Figure  2.3.  A  CBR  was  selected  that 
fell  within  both  ranges.  When  two  or  more  soils  shared  the 
same  classifications,  the  soil  with  the  lower  PI  was 
assigned  the  higher  CBR. 


For  example,  the  subgrades  for  sections  F-15,  F-16, 
and  F-17  are  all  A-6  and  CL .  The  Pi's  are  13.2,  15.2,  and 
19.7,  respectively.  CBR  ranges  from  Figure  2.3  for  A-6  and 
CL  are  1-13  and  5-15,  respectively.  Thus,  the  assigned 
CBR's  must  lie  between  5  and  13.  CBR  values  of  11  were 
selected  for  F-15  and  F-16  because  their  PI  values  are 
similar.  F-17  was  assigned  a  CBR  of  10  due  to  its  rela- 
tively higher  PI.   The  test  results,  soils  classifications, 
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and  final  estimates  of  CBR  value  are  given  in  Table  3.3. 
Traffic 

The  IDOH  Division  of  Planning  provided  two-way  average 
annual  daily  traffic  (AADT)  data  for  each  of  the  30  test 
sections.  From  Sharaf's  work  (27),  the  percentage  of  the 
AADT  which  was  composed  of  trucks  of  more  than  two  axles 
was  obtained.  These  two  values  were  multiplied  together  to 
arrive  at  values  for  trucks  per  day. 

The  most  recent  overlay  age  of  the  30  sections  was 
defined  as  1986  minus  the  year  in  which  the  most  recent 
overlay  was  constructed.  A  value  for  "total  trucks"  was 
calculated  which  multiplied  trucks  per  day  by  365  and  then 
by  the  age  of  the  overlay  in  years,  then  divided  by 
365  ,000.  The  division  by  365,000  was  included  so  that  the 
"total  trucks"  values  would  be  in  the  same  order  of  magni- 
tude as  the  other  input  values  such  as  layer  thicknesses, 
CBR,  etc.  which  was  important  later  during  regression 
analysis . 

Traffic  values  for  each  test  section  are  included  in 
Table  3.4. 

NDT  Deflections 


Though  four  NDT  devices   were   used   in   the   pavement 
field   testing,   only   2   (the  FWD  and  the  Dynaflect)   were 
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Table    3.4       Traffic    Data. 


Total  Trucks 

Over- 

Sect. 

Per- 

Trucks 

lay 

Trk(Age)(365) 

No. 

AADT 

cent 

Per 

Age 

Day 

Trucks 

Day 

(yr.) 

365  ,000 

L-10 

2490 

16.0 

398 

13 

18.87 

L-ll 

2770 

16.0 

443 

13 

21  .02 

L-12 

10060 

13.0 

1962 

1 

7.15 

L-13 

2510 

23.0 

577 

6 

12.63 

L-14 

3430 

20.0 

686 

4 

10.00 

L-15 

1190 

16.5 

196 

6 

4.31 

L-16 

4110 

21  .0 

863 

17 

53.66 

L-17 

3200 

21  .0 

672 

3 

7.37 

F-13 

1750 

25.0 

438 

15 

23.98 

F-14 

6000 

27.5 

1650 

5 

30.11 

F-15 

7430 

27.5 

2043 

10 

74.57 

F-16 

2196 

25.0 

549 

22 

44.09 

F-17 

8900 

27.5 

2448 

8 

71  .47 

F-18 

9510 

22.0 

2013 

11 

80.81 

F-19 

2560 

27.5 

704 

8 

20.55 

S-08 

4100 

8.0 

328 

1 

1.20 

S-09 

2280 

10.0 

228 

10 

8.32 

S-10 

2800 

12.5 

350 

7 

8.94 

S-ll 

4080 

10.0 

420 

8 

12.26 

S-12 

5420 

11  .5 

623 

6 

13.65 

S-13 

7830 

8.0 

626 

10 

22.85 

S-14 

2190 

8.0 

175 

8 

5.  11 

S-15 

910 

11  .5 

105 

7 

2.70 

S-16 

1610 

11.0 

177 

9 

5.80 

V-06 

5800 

19.5 

1131 

7 

28.91 

V-07 

10200 

19.5 

1989 

13 

94.53 

V-08 

1850 

11.5 

213 

13 

10.  11 

V-09 

7910 

37.0 

2927 

11 

117.53 

V-10 

7870 

32.0 

2755 

10 

100.56 

C-08 

6040 

17.0 

1027 

4 

15.00 

36 


considered  in  the  data  analysis.  The  Road  Rater  400  data 
and  the  Road  Rater  2000  data  were  both  eliminated  from  con- 
sideration because  of  incomplete  data  sets.  The  Road  Raters 
had  been  fitted  with  a  new  data  collection  system  only  one 
day  before  the  spring  test  period  began  and  did  not  func- 
tion properly,  resulting  in  garbled  data  records.  Because 
the  data  was  collected  on  tape,  the  garbled  data  was  not 
discovered  until  after  spring  testing  was  complete  and  the 
data  had  been  transferred  onto  paper  for  analysis.  This 
problem  was  corrected  before  the  summer/fall  test  period. 

The  garbled  data  appeared  extensively   throughout  the 
spring  data  of  which  an  example  may  be  found  in  Appendix  C. 

In  the  first  test  section,  C8,  under   the   Road   Rater  400 

heading,   the   last   4  values  on  the  first  line  of  data  are 

the  deflection  readings  at  0',  l",  2',  and  3'  away  from  the 

load.    These  deflection  values  should  decrease  because  the 

pavement   deflection   decreases   with   distance   from  the 

applied  load.  Instead,  the  values  follow  no  pattern  and 
cannot  be  used  in  analysis. 


The  Road  Rater  2000  data  set  was  also  incomplete  for 
the  summer/fall  testing  period  due  to  its  availability  for 
only  one-half  the  test  period.  Thus,  instead  of  having 
four  complete  sets  of  data  —  spring  data  and  summer/fall 
data  for  each  of  two  different  Road  Raters  —  only  the 
summer/fall  test  period  for  the  Road  Rater  400  is  complete. 
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The  deflection  data  directly  beneath  the  NOT  load  is 
presented  in  Table  3.5.  The  deflection  values  are  corrected 
as  described  in  Chapter  2  to  a  standard  70  degrees  F,  and 
represent  the  85th  percentile  of  six  deflection  readings 
taken  per  test  section.  The  six  test  sites  per  section  were 
located  120'-180'  apart  within  the  1250'-long  test  sec- 
tions. Deflections  were  measured  in  the  right  wheel  path  of 
the  outside  lane.  Tables  3.6  and  3.7  present  uncorrected 
deflection  data  from  sensors  which  are  farthest  from  the 
applied  load  for  the  Dynaflect  and  FWD ,  respectively. 
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Table  3.5   Temperature  Corrected  Sensor  0  Deflections. 


Spring 

Summer 

Sect  . 

Spring 

Summer 

FWD 

FWD 

No. 

Dynaf lect 

Dynaf lect 

per  1000# 

per  1000# 

L-10 

2.05 

1.23 

4.44 

3.49 

L-ll 

5.05 

3.10 

6.39 

5.74 

L-12 

0.84 

0.59 

1.36 

1.29 

L-13 

0.85 

0.64 

1.34 

1.43 

L-14 

1.24 

0.78 

2.04 

1.93 

L-15 

2.22 

1.22 

4.50 

3.05 

L-16 

1.72 

1.12 

3.91 

3.29 

L-17 

1.  10 

0.70 

2.20 

1.89 

F-13 

1.27 

0.84 

3.20 

2.73 

F-14 

1.11 

0.75 

2.  10 

1.72 

F-15 

1.  15 

0.83 

2.  18 

1.71 

F-16 

1.31 

0.83 

3.26 

2.48 

F-17 

0.63 

0.50 

0.80 

0.  79 

F-18 

0.56 

0.44 

0.73 

0.82 

F-19 

1.24 

0.74 

2.69 

2.01 

S-08 

0.66 

0.58 

1.28 

1.  14 

S-09 

1.07 

0.60 

1.74 

1.59 

S-10 

0.90 

0.78 

1.63 

2.27 

S-ll 

0.55 

0.32 

0.51 

0.56 

S-12 

0.78 

0.48 

1.25 

1.  12 

S-13 

1.23 

0.73 

2.29 

1.95 

S-14 

1.20 

0.94 

2.  16 

2.  29 

S-15 

1.27 

0.72 

2.76 

2.06 

S-16 

1.26 

0.83 

2.27 

2.  19 

V-06 

1.08 

0.59 

1.67 

1.68 

V-07 

1.  12 

0.90 

1.  18 

2.  11 

V-08 

1.41 

1.08 

2.38 

2.  19 

V-09 

0.52 

0.42 

0.55 

0.83 

V-10 

0.58 

0.43 

0.47 

0.78 

C-08 

0.76 

0.62 

1.01 

1.25 
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Table  3.6   Dynaflect  Deflections  (mils) 
4  ft.  from  Load . 


Sect.  No. 

Spring 

Summer /Fall 

L-10 

0.4546 

0.2927 

L-ll 

1.7839 

1.6360 

L-12 

0.2774 

0.2518 

L-13 

0.2153 

0.1537 

L-14 

0.2991 

0.2385 

L-15 

0.4018 

0.2917 

L-16 

0.2683 

0.2050 

L-17 

0.1893 

0.1465 

F-13 

0. 1690 

0.1490 

F-14 

0.2850 

0.2490 

F-15 

0.2660 

0.2310 

F-16 

0.  1772 

0.  1405 

F-17 

0.2509 

0.2081 

F-18 

0. 1802 

0.1305 

F-19 

0.2736 

0.2375 

S-08 

0.2166 

0.2070 

S-09 

0.1838 

0.  1478 

S-10 

0.1374 

0. 1208 

S-ll 

0.1987 

0.  1714 

S-12 

0.2132 

0.  1853 

S-13 

0.2039 

0.  1693 

S-14 

0.2259 

0.1961 

S-15 

0.2854 

0.1915 

S-16 

0.2589 

0.2191 

V-06 

0.1663 

0.1679 

V-07 

0.2703 

0.2603 

V-08 

0.3912 

0.3265 

V-09 

0.2178 

0.1686 

V-10 

0.3087 

0.3002 

C-08 

0. 1701 

0.1446 
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Table  3.7   FWD  Deflections  (mils/K-lb) 
7  f t .  from  Load  . 


Sect.  No, 


Spring    Summer/Fall 


L-10 
L-ll 
L-12 
L-13 
L-14 
L-15 
L-16 
L-17 
F-13 
F-14 
F-15 
F-16 
F-17 
F-18 
F-19 
S-08 
S-09 
S-10 
S-ll 
S-12 
S-13 
S-14 
S-15 
S-16 
V-06 
V-07 
V-08 
V-09 
V-10 
C-08 


0.223 

0.  176 
0.  147 
0.131 
0.210 
0.241 
0.182 
0.  101 

0.  149 
0.159 
0.099 
0.099 
0.079 
0.139 
0.152 


0.086 


0.  166 

0.076 
0.  131 
0.091 
0.  100 
0.108 


0.  180 
0.482 
0.  153 
0.103 
0.137 
0.204 
0.  167 
0.  109 
0.136 
0.151 
0.  150 
0.092 
0.  141 
0.076 
0.  156 
0.  151 
0.  132 
0.  140 
0.  103 
0.  161 
0.  142 
0.  156 
0.  170 
0.  151 
0.  187 
0.176 
0.  138 
0.093 
0.  101 
0.116 


—   measurements  not  taken 
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CHAPTER  4.   EMPIRICAL  DATA  ANALYSIS 

In  this  chapter,  statistical  analysis  techniques  will 
be  used  to  obtain  a  regression  relationship  between  most 
recent  overlay  thickness  (the  dependent  variable)  and  a 
variety  of  independent  variables  for  the  30  flexible  pave- 
ment test  sections  studied.  Such  a  regression  relationship 
(equation)  can  be  used  to  predict  required  thickness  for 
future  overlays  for  pavements  similar  to  the  30  test  sec- 
tions. The  chapter  also  contains  tests  of  the  regression 
equation  to  ensure  that  it  is  suitable. 

Independent  variables  addressed  in  the  analysis 
include  climate  zone,  "base  asphalt"  thickness  (the  thick- 
ness of  asphalt  beneath  the  most  recent  overlay),  and 
traffic,  which  are  factors  on  which  the  design  of  experi- 
ment is  based.  The  independent  variables  also  included  the 
following  factors  for  which  data  was  collected  but  which 
were  not  used  to  design  the  experiment  or  as  a  basis  to 
select  the  test  sections  (called  "covariates") : 

1.  Most  recent  overlay  age  (years) 

2.  Subbase  thickness  (in.) 
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3.  Equivalent  asphalt  thickness  of  base  asphalt  and  sub- 
base  (  in .  ) 

4.  Total  pavement  thickness  (from  top  of  pavement  to  the 
subgrade )   ( in . ) 

5.  Estimated  CBR  (%) 

6.  Maximum  deflection  reading  (from  "sensor  0"  directly 
under  the  load)  for  both  spring  and  summer/fall 
(mils) 

7.  Present  Serviceability  Index  (PSI) 

8.  Pavement  Condition  Index  (PCI) 

9.  Dynaflect  deflections  4'  from  load  (mils) 

These  data  have  been  presented  in  Chapter  3.  There 
may  be  other  variables  that  may  also  have  an  effect  on 
overlay  performance. 

TEST  FOR  NORMALITY  OF  DATA 

The  first  step  in  the  statistical  analysis  procedure 
was  to  check  that  the  dependent  variable  is  normally  dis- 
tributed. If  the  dependent  variable  is  not  normally  distri- 
buted, then  the  data  must  be  transformed  in  a  way  that 
results  in  a  normal  distribution.  The  overlay  data  distri- 
bution  was   checked   using   the   Shapiro-Wilk  test  and  the 
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hypothesis  of  normality  was  accepted  at  the  a  =  0.05  level. 

MODEL  SELECTION  AND  ANALYSIS  OF  VARIANCE 

In  order  to  find  out  which  of  the  independent  vari- 
ables would  be  helpful  in  the  prediction  equation,  analysis 
of  variance  was  conducted  on  a  variety  of  models  using  the 
general  linear  model  (PROC  GLM)  portion  of  the  Statistical 
Analysis  System  (SAS)  (-37)  statistics  computer  package.  The 
analysis  of  variance  models  were  composed  of  various  combi- 
nations of  the  independent  variables,  two-factor,  first- 
order  interactions,  and  squared  terms.  Climate  zone  was  the 
only  indicator  variable:  the  North  climate  zone  was 
assigned  a  value  of  one  and  South  was  assigned  a  value  of 
zero.  In  each  model,  independent  variables  were  included 
to  represent  pavement  thickness,  overlay  age,  traffic,  cli- 
mate zone,  subgrade  strength,  and  pavement  condition 
(either  PSI  or  PCI).  In  some  models,  a  variable  from  the 
NDT  deflection  testing  was  added,  making  a  total  of  seven 
variables . 

Including  six  variables  resulted  in  a  model  with  a 
total  of  26  terms  when  squared  terms  and  interactions  were 
added.  Seven  variables  resulted  in  a  model  with  34  terms. 
However,  there  were  only  30  observations  for  pavement 
thickness  (30  test  sections).  Guidelines  suggest  that  five 
degrees   of   freedom   are   desired  in  the  error  term.   As  a 
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result,  there  were  too  many  terms  to  be  considered  in  the 
model  at  one  time.  Thus,  models  with  a  limited  number  of 
terms  were  considered  at  one  time.  In  the  first  run,  Type 
III  sum  of  squares  were  evaluated.  Terras  which  were  insig- 
nificant at  the  0.25  level  were  discarded  and  replaced  with 
remaining  terms  prior  to  re-analysis.  This  procedure  was 
repeated  until  all  terms  had  been  tested  for  significance. 
The  significant  terms  were  then  used  in  the  subsequent  sta- 
tistical analysis. 

Table  4.1  lists  the  independent  variables  for  the 
analysis  of  variance  models  which  were  ultimately  investi- 
gated . 

STEPWISE  REGRESSION 


The  significant  terms  from  each  of  the  analysis  of 
variance  models  were  separately  entered  in  a  stepwise 
regression  procedure  using  the  SAS  package.  The  "maxr" 
option  of  the  stepwise  procedure  was  specified.  In  this 
procedure,  the  analysis  first  produces  a  regression  equa- 
tion containing  the  single  term  which,  along  with  a  y- 
intercept  value,  gives  the  maximum  r-squared  value  possi- 
ble. The  second  output  gives  an  equation  including  the  two 
terms  (plus  a  y-intercept)  which  provide  the  highest  r- 
squared  value.  Next,  the  analysis  gives  the  best  three-term 
model,  etc.,  until  the  supply  of  terms  input  to   the   model 
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has  been  exhausted.  Thus,  if  14  terms  were  found  to  be 
significant  in  the  previous  analysis  of  variance  procedure, 
14  different  regression  equations  will  be  produced. 

From  each  variable  set,  the  following  method  was   used 
to  select  promising  equations: 

1.  All  terms  in  the  regression  equation  must  be  signifi- 
cant at  the  0.1  level. 

2.  The  coefficient  of  determination  (R-squared)  value 
must  indicate  that  the  model  is  a  good  fit,  and  the 
adjusted  R-squared  value  must  also  be  high. 

3.  Residuals  of  the  regression  equation  must  be  normally 
distributed  as  measured  by  the  Shapiro-Wilk  test. 

4.  The  number  of  terms  in  the  regression  equation  must 
be  10  or  less  . 

5.  Mallow's  Cp  must  approach  the  number  of  terms  in  the 
regression  equation. 


Several  regression  equations  were  promising.  In  each 
case,  the  promising  equations  included  the  independent 
variables  listed  in  variable  set  one.  The  equations  are 
listed  in  Table  4.2.  Though  these  equations  possess  high 
R-squared  values,  each  contains  nine  or  ten  terms  in  the 
equation   in   addition   to   the  y-intercept  term.   This  was 
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felt  to  be  an  excessive  number  of  terms  to  explain  a  set  of 
observations  numbering  only  25  or  30. 

The  equations  were  checked  using  sensitivity  tests 
which  start  with  an  overlay  thickness  calculation  for  a 
pavement.  One  design  parameter  is  changed,  leaving  all 
other  parameters  constant,  and  a  new  overlay  thickness  is 
calculated.  The  two  thicknesses  are  compared  to  ensure 
that  the  design  equation  has  reacted  reasonably  to  the 
change  in  the  parameter.  For  example,  if  CBR  is  selected 
for  change,  an  increase  in  CBR  with  all  other  parameters 
remaining  constant  should  result  in  a  thinner  required 
overlay  because  the  pavement  now  rests  on  a  stronger  foun- 
dation. 

Table  4.3  presents  the  sensitivity  analysis  for  Equa- 
tion A  from  table  4.2,  which  is  typical  of  the  sensitivity 
analyses  of  the  three  equations.  Examination  of  the  ana- 
lyses resulted  in  four  findings: 

1.  Unreasonable  overlay  thicknesses  are  calculated.  In 
case  2  of  Table  4.3,  two  negative  overlays  are  calcu- 
lated although  no  negative  overlays  are  found  in  the 
research  data. 

2.  Varying  equivalent  thickness  (TOTTHK)  values  always 
result  in  unreasonable  changes  in  required  overlay 
thickness . 
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Table  4.3   Sensitivity  Checks  of  Equation  A. 


in 

Case 

#1 

Case 

CBR=8% 

Trk/Day=2900 

CBR=12% 

Trk/Day=200 

PCI=35 

Age  =  10  years 
Totthk=13" 

PCI=35 

Age  =  10  years 
Totthk=8" 

Predicted  Thick.   2.85" 

Predicted  Thick.   0.42" 

New 

New 

Sensitivity 

Thi  ckness 

Sensitivity 

Thickness 

Trk/Day=2200 

2.27 

Trk/Day=400 

0.44 

Trk/Day=1600 

1  .91 

Trk/Day=700 

0.49 

Trk/Day=1000 

1  .66 

CBR=  5 

0.61 

CBR=14 

3.31 

CBR=  8 

0.59 

CRR=20 

3.42 

CBR=17 

-0.01 

CBR=30 

2.82 

CBR=30 

-2.28 

Totthk=9 

2.  31 

Totthk=7 

0.  18 

Tottkh=l 2 

2.72 

Totthk=l 1 

1.13 

Tottkh=17 

3.  39 

Totthk=l  5 

2.07 

C11 m=0 

3.12 

Cllm»l 

1  .  17 

Age=13 

4.07 

Age=13 

0.77 

Age  =  l 5 

5.04 

Age=15 

1  .03 

Age=18 

6.73 

Age=lS 

1.4  5 

PCI=50 

2.65 

PCI=50 

0.74 

PCI=65 

2.86 

PCI=65 

1  .48 

Cas 
CBR=12% 
PCI=35 

Predicted  T 

Sensitivity 
Trk/Day=  200 
Trk/Day=  500 
Trk/Hay=l 500 
Trk/Day=2000 

CBR=  7 

CBR=20 

CBR=30 

Tot thk=6 

Totthk=9 

Totthk=16 

Clim=0 

Age=13 

Ape=15 

Age=18 

PCI=50 

PCI=65 

2  #3 

Trk/Day=800 

Age=10  years 

Totthk=13" 

lick.   1.94" 

New 
Thickness 
1  .49 

2.  17 
1  .  57 
1.85 
1.88 
2.20 
2.49 
0.99 
1  .40 
2.35 
1.70 
2.36 
2.67 

3.  19 
1  .74 
1  .95 
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3.  Varying  climate  zone  (CLIM)  produces  inconsistent 
results.  In  table  4.3,  the  South  climate  zone 
(CLIM=0)  overlay  thickness  is  greater  than  the  North 
climate  zone  thickness  in  Case  1  but  lower  in  Cases  2 
and  3  . 

4.  Varying  other  variables  (CBR  and  PCI  in  Cases  1  and  3 
in  table  4.3)  sometimes  produced  unreasonable  changes 
in  overlay  thickness.  However,  when  this  occurs,  an 
interaction  of  that  variable  with  either  climate  zone 
or  equivalent  thickness  which  causes  the  unreasonable 
response  is  always  present  in  the  regression  equa- 
tion. In  Table  4.3,  note  the  positive  regression 
coefficient  for  the  CBR*CLIM  interaction  and  the 
negative  regression  coefficient  for  the  T0TTH*PCI 
interaction. 

Due  to  the  findings  listed  above,  the  regression  equa- 
tions in  Table  4.2  were  rejected,  and  a  stepwise  (maxr) 
regression  procedure  with  independent  variables  overlay 
age,  total  trucks,  PCI,  and  CBR  (omitting  equivalent  thick- 
ness and  climate  zone)  was  initiated.  The  procedure  pro- 
duced only  two  regression  equations  which  fulfilled  the 
requirements  listed  above: 


olay  =  0.7014  +  0 . 00  1  53 ( to 1 1 rk) 

+  0.00326  (age)2  +  0 . 000  1  6( pci ) 2 


(4.1) 
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and 


2  2 

olay  =  0.7592  +  0 . 00 1 45 ( t ot t rk)   +  0.00379(age) 

+  0.000162(pci)2  -  (0.000429)(cbr)2 
where  : 


(4.2) 


olay  =  calculated  thickness  of  required,  new  overlay  in 
inches 
tottrk  =  (trucks/day) ( 365) (age)  /  365,000 
age  =  design  life  of  new  overlay  (years) 
pci  =  desired  PCI  value  at  the  end  of  the  design  life  of 

the  new  overlay 
cbr  =  estimated  subgrade  CBR. 

The  R-squared  and  adjusted  R-squared  values  for  (4.1) 
are  0.54  and  0.47,  respectively.  The  corresponding  values 
for  (4.2)  are  0.60  and  0.52.  Equation  (4.2)  was  selected 
for  further  analysis. 

Figure  4.1  shows  how  closely  (4.2)  estimated  the 
actual  overlay  values  measured  from  core  samples. 


A  sensitivity  test  was  performed  with  (4.2),  and  the 
results  are  presented  in  Table  4.4.  The  results  show  that 
varying  any  independent  variable  in  the  regression  equation 
produces  the  expected  change  in  the  direction  of  the  over- 
lay thickness.  For  example,  in  Case  #1,  when  trucks  per 
day   is   varied   from   2200  to  1600,  a  decrease  in  required 
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Table  4.4   Sensitivity  Checks  of  Equation  (4.2). 


Case  #1 


CBR  =  87. 
PCI=35 


Trk/Day=2900 
Age=10  years 


Case  #2 


CBR=12% 
PCI=35 


Trk/Day=200 
Age=10  years 


Predicted  Th 

ick. 

2.53" 
New 

Predicted  Th 

ick. 

1.28" 
New 

Sensitivity 

Th 

ickness 

Sensitivity 

Th 

ickness 

Trk/Day=2200 

2.01 

Trk/Day=400 

1  .30 

Trk/Day=1600 

1.68 

Trk/Day=700 

1.35 

Trk/Day=1000 

1.45 

CBR=  2 

1.34 

CBR=  2 

2.55 

CBR=  8 

1  .31 

CBR=20 

2.38 

CBR=20 

1.17 

CBR=40 

1.87 

CBR=40 

0.65 

Age=13 

3.63 

Age=13 

1.55 

Age=15 

4.52 

Age=15 

1.76 

Age=20 

7.32 

Age=20 

2.43 

PCI=50 

2.73 

PCI=50 

1  .49 

PCI=65 

3.01 

PCI=65 

1.76 

Case  #3 
CBR=12%      Trk/Day=800 
PCI=35      Age=10  years 

Predicted  Thick.   1.37" 


New 

Sensitivity 

Thickness 

Trk/Day=  200 

1.28 

Trk/Day=  500 

1.31 

Trk/Day=1500 

1.61 

Trk/Day=2000 

1.85 

CBR=  2 

1.43 

CBR=20 

1.26 

CBR=40 

0.74 

Age=13 

1.69 

Age=15 

1.96 

Age=20 

2.78 

PCI=50 

1.57 

PCI=65 

1.85 
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overlay  thickness  is  expected,  and  the  thickness  does 
indeed  decrease  from  2.01  inches  to  1.68  inches.  These 
results  provide  a  confirmation  that  (4.2)  is  a  reliable 
regression  equation.  Several  predicted  thickness  values  in 
Case  1  exceed  the  typical  Indiana  maximum  overlay  thickness 
of  three  inches;  these  values  will  be  addressed  later  in 
this  chapter. 

INDEPENDENT  CHECK 


As  an  independent  check,  four  flexible  pavement  sec- 
tions that  were  not  used  in  the  previous  analysis  were 
evaluated  using  (4.2).  IDOH  paper  records  were  used  to 
obtain  traffic  data,  PCI,  and  overlay  age  for  the  sections. 
CBR  was  estimated  based  on  typical  soil  distributions 
throughout  the  state  and  the  proximity  of  the  section  to 
test  sections  of  known  subgrade  type  used  in  this  study. 
PCI  data  was  unavailable,  so  PCI  was  estimated  from  PSI. 
To  obtain  a  correlation  between  PSI  and  PCI,  three  regres- 
sion analyses  were  performed:  the  models  use  PSI  from 
Table  3.2  as  the  dependent  variable  and  the  linear  and 
squared  terms  of  PCI  and  the  two  adjusted  PCI's  from  Table 
3.2  as  the  independent  variables.  The  results  were  poor, 
with  the  R-squared  of  the  best  correlation  being  0.47  and 
residuals  (differences  between  actual  and  predicted  PSI 
values)  of  up  to  1.0.  Due  to  the  poor  results,  a  rough 
correlation  presented  in  Table  4.5  was  developed  based  on  a 
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Table    4.5       PSI    vs.     PCI 


PSI 


PCI 


2.5 

35 

2.6 

40 

2.7 

45 

2.8 

50 

2.9 

55 

3.0 

60 

3.  1 

62 

3.3 

66 

3.5 

70 

4.0 

90 

5.0 

90+ 
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Table  4.6   Independent  Check,  of  Design  Equation, 


No 


Trucks/ 
day 


Age 
(yrs) 


PCI 


Est  . 
CBR(%) 


Actual 

O'lay 

(in) 


Predicted 
O'lay 
(in) 


220 

790 

430 

2700 


10 

10 
16 


64 
64 
55 
50 


12 

12 

10 

9 


1.7 

1.7 
1  .0 
3.0 


1.6 
1.8 
1.6 
4.8 


Note 


Site 


For  the  overlay  thickness  design  equation, 
trucks/day  are  converted  to  tottrk  by 
multiplying  trucks/day  by  overlay  age  in 
years  and  by  365  days/year,  then  dividing 
the  result  by  365,000. 

Locations : 

No.  1:   SR  135;  Washington  Co.;  From  Salem  N.  to 
the  Jackson  Co.  line. 

No.  2:   SR  64;  Gibson  Co.;  From  111.  state  line, 
4.32  mi.  E. 

No.  3:   US  61;  Warrick  Co.;  From  N.  city  limits 
of  Boonville  to  1-64. 

No.  4:   SR  1;  Allen  Co.;  From  3.74  mi.  N.  of 

Allen-Wells  Co.  line,  N.  to  Fort  Wayne. 
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common   sense   evaluation  of  the  values  in  Table  3.2  and  is 
used  in  the  analysis. 

The  independent  check  results  are  presented  in  Table 
4.6.  Actual  overlays  and  predicted  overlays  using  (4.2) 
correlate  well  in  Numbers  1,  2,  and  3.  However,  in  Number 
4,  predicted  overlay  is  thicker  than  the  actual  overlay. 
In  fact,  4.8  inches  is  thicker  than  almost  any  overlay  in 
the  state.  Case  1  in  Table  4.4  also  lists  three  exces- 
sively thick  overlays.  These  examples  all  have  high 
traffic  and  high  'age'  values,  and  they  illustrate  that 
values  of  trucks/day  and  overlay  age  which  combine  to 
exceed  the  maximum  total  truck  study  value  of  32.2  (Table 
3.4)  may  predict  overlay  thicknesses  above  the  typical 
Indiana  maximum  of  three  inches.  (For  example,  total 
trucks  for  Number  4  equals  43.2). 

However,  three  inch  maximum  overlay  is  a  limiting 
value  for  this  empirical  research  and  will  be  incorporated 
into  the  empirical  design  approach.  Thus,  (4.2)  should  be 
used  to  predict  overlay  thickness  for  total  truck  values 
under  32.2,  and  maximum  overlay  must  be  approximately  three 
inches  . 

OVERLAY  THICKNESS  CALCULATIONS 

Equation  (4.2)  was  used  to  calculate  overlay 
thicknesses   for   the   10   out  of  30  pavement  test  sections 
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with  PSI  less  than  2.7  (sections  at  or  near  minimum  accept- 
able serviceability).  The  calculations  were  based  on  a 
10-year  design  life,  a  terminal  PCI  of  35  (the  equivalent 
of  a  PSI  of  2.5),  estimated  CBR  values  from  Table  3.3,  and 
initial  truck  traffic  data  from  Table  3.4  with  a  two  per- 
cent per  year  traffic  growth  factor.  The  results  presented 
in  Table  4.7  reflect  expected  overlay  thicknesses  for  the 
input  conditions.  Sections  F13  and  V7  represent  the 
extremes  of  the  thickness  calculations.  The  F13  value  is 
less  than  one  inch  due  largely  to  the  effect  of  the 
extremely  high  CBR.  The  2.2  inch  value  for  V7  reflects  the 
effect  higher  traffic  has  on  equation  (4.2). 

RELIABILITY 

The  regression  equation  (4.2)  predicts  the  mean  of  the 
distribution  of  overlay  thickness.  Most  individual  out- 
comes deviate  from  the  mean,  and  the  "reliability"  concept 
accounts  for  the  deviation.  Reliability  refers  to  the  pro- 
bability that  the  predicted  overlay  will  be  successful  in 
providing  acceptable  service  through  the  overlay  design 
life.  A  95%  reliability  indicates  that,  on  the  average,  95 
times  in  100  the  predicted  overlay  will  be  successful. 
Equation  (4.2)  provides  a  50%  reliability. 


Through  the  determination  of  confidence  intervals,  the 
SAS   computer   output   for   equation  (4.2)  provides  the  95% 
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Table  4.7   Empirical  Equation  Overlay 
Thickness  Results. 


Empirical 

Section 

Equation 

Trucks/ 

Estimated 

Number 

Overlay 
(in.) 

Day 

CBR 

L-10 

1.3 

398 

14 

L-11 

1.4 

443 

3 

L-13 

1  .0 

577 

28 

L-14 

1.3 

686 

12 

L-15 

1.2 

196 

18 

L-16 

1.1 

863 

37 

F-13 

0.8 

438 

38 

F-16 

1.5 

549 

11 

S-16 

1.3 

177 

10 

V-07 

2.2 

1989 

16 
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reliability  overlay  thickness  value  for  each  of  the  test 
sections.  Each  value  is  approximately  0.9  inches  thicker 
than  the  mean  value  calculated  by  (4.2),  and  that  value 
must  be  added  to  any  predicted  thickness  from  (4.2)  to 
achieve  95%  reliability.  Similarly,  other  thickness  incre- 
ments were  calculated  to  reach  other  reliability  levels, 
and  the  results  are  presented  in  Table  4.8. 

Table  4.8   Thickness  Increments  to  Reach  Reliabilities. 


Reliability  (%) 

Thickness  ( in . ) 

95 

0.9 

90 

0.7 

85 

0.6 

75 

0.4 

Use  of  the  thickness  increments  in  Table  4.8  would 
produce  some  overlay  thicknesses  which  have  not  been  veri- 
fied through  previous  service  in  Indiana.  For  example, 
consider  a  high-traffic  pavement  for  which  equation  (4.2) 
calculates  on  overlay  thickness  of  2.9  inches.  To  reach 
95%  reliability,  0.9  inches  of  overlay  must  be  added  to  the 
2.9  inches.  The  3.8  inch  total  exceeds  the  typical  maximum 
overlay  thickness  of  3.0  inches.  Because  the  reliability- 
based  design  concept  as  represented  by  the  values  in   Table 
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4.8  is  untested  in  Indiana,  its  adoption  cannot  be  recom- 
mended at  this  time.  However,  the  concept  is  one  which 
deserves  significant  further  attention. 

SUMMARY 


Equation  (4.2)  is  selected  for  empirical  design: 

2  2 

olay  =  0.7592  +  0 . 00 1 45 ( tot t rk)   +  0.00379(age)        (4.2) 

2  2 

+  0.000162(pci)   -  0.000429(cbr) 

where : 


olay  =  calculated  thickness  of  required,  new 
overlay  in  inches 
tottrk  =  (trucks/day)(365)(age)/365 ,000 

age  =  design  life  of  new  overlay  (years) 

pci  =  desired  PCI  value  at  the  end  of  the  design 

life  of  the  new  overlay 
cbr  =  estimated  subgrade  CBR 

Equation  (4.2)  has  been  verified  for  the  following  range  of 
design  values : 

1.  Anticipated  overlay  age:   5-20  years 

2.  Anticipated  daily  trucks:   50-3000 

3.  Total  trucks:  less  than  32.2.  Note:  total  trucks 
is  defined  as  (trucks/day)  (overlay  age) 
(365)/365,000.   If  total   trucks   exceeds   32.2,   the 
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calculated  overlay  value  may  exceed  the  thickest 
overlay  typically  found  on  Indiana  pavements:  3.0 
inches.   If  so,  3.0  inches  should  be  specified. 

4.  PCI:   PCI  is  normally  specified  as  35,  which  approxi- 
mates to  a  PSI  value  of  2.5. 

5.  CBR:   0-40%. 


If  a  reliability-based  design  is   desired,   Table   4.8 

presents   thickness   values  which   may  be  added  to  overlay 

thicknesses  determined  from  equation  (4.2)  to  attain   given 
reliabilities. 
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CHAPTER  5.   STRUCTURAL  ANALYSIS  METHOD 

This  chapter  describes  the  structural  capacity  overlay 
thickness  design  used  in  the  research  and  presents  and 
discusses  results  of  structural  overlay  calculations  for 
pavement  test  sections. 

1986  AASHTO  GUIDE 

The  structural  overlay  design  method  from  the  1986 
AASHTO  Guide  (l )  was  utilized,  which  employs  the  following 
equation  as  the  basis  for  calculations: 


SNQL  =  SNy  -  SNXEFF  (FRL)  (5.1) 

where  : 


SN    is  the  structural  capacity   of   the   overlay 
which  must  be  added. 


SN   is  the  total  structural  capacity  required   to 
Y 

support    the    overlay    traffic   over   existing 
subgrade  conditions. 

SNV.___  is  the  effective   structural   capacity   of 
XE  FF 

the   existing  pavement  immediately  prior  to  over- 
lay. 
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F    is  the  remaining  life  factor   which   accounts 
RL 

for  damage  to  the  existing  pavement  as  well  as 
the  desired  degree  of  damage  to  the  overlay  at 
the  end  of  the  overlay  traffic. 

The  1986  AASHTO  Guide  presents  two  methods  for  solving 
equation  (5.1).  Both  methods  are  based  on  NDT  pavement 
deflections  and  are  designed  to  calculate  identical  overlay 
thicknesses  . 

Method  j_ 

Method  1  relies  on  pavement  layer  modulus  values 
back-calculated   from  NDT  deflections,  from  which  effective 

structural  layer  coefficients  are  read  from  charts.    SN„__ 

J  EFF 

is   calculated   using   the   layer   coefficients   and   layer 

thicknesses,  then  SN   and  F    are   found   using   nomographs 

Y       RL  s       s   f 

and  figures  presented  in  the  1986  Guide.  However,  the  1986 
AASHTO  Guide  does  not  specify  a  method  for  determining 
back-calculated  layer  moduli. 


For  this  research,  two  back-calculation  methods  were 
used  to  estimate  layer  modulus  values.  FWD  deflection  data 
from  30  flexible  test  sections  tested  during  both  the 
spring  and  summer/fall  test  periods  were  used  as  input  to 
the  computer  program  BISDEF.  BISDEF   is   a   program 

developed   by   the   US   Army   Corps  of  Engineers  which  uses 
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BISAR  (11)  as  the  base  program  for  back-calculating  elastic 
modulus  values.  BISDEF  includes  limits  on  the  modulus 
values.  When  a  limit  is  reached,  the  modulus  is  fixed  at 
that  limit  value.  Modulus  ranges  for  pavement  layer 
materials  follow: 

1.  Asphaltic  concrete:   200,000  to  1,000,000  psi 

2.  Granular  base  and  subbase:   15,000  to  150,000  psi 

3.  Subgrade:   1,000  to  50,000  psi 

An  alternate,  unpublished  back-calculation  program  written 
by  a  Purdue  University  Transportation  Engineering  graduate 
student  was  also  evaluated.  It  also  uses  BISAR  to  compute 
surface  deflections;  however,  the  elastic  modulus  values 
are  not  constrained. 

Tables  5.1  and  5.2  list  the  output  elastic  moduli 
values  for  the  spring  and  summer/fall  NDT  testing  periods, 
respectively.  In  both  tables,  the  subgrade  modulus  value 
for  a  given  section  is  almost  always  larger  than  the  value 
for  the  subbase.  These  results  cannot  be  accepted  because 
they  imply  that  the  subgrade  has  higher  structural  capacity 
then  the  subbase. 

The  elastic  modulus  values  for  asphaltic  concrete 
shown  in  Tables  5.1  and  5.2  are  not  temperature-corrected. 
Tables  5.3  and  5.4  show  the  modulus  values  corrected   to   a 
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Table  5.1   Back-Calculated  E  Values  from 
Spring  Testing  (ksi). 


Bisdef 

Alternate  Meth 

3d 

Sec. 

Sub 

Sub 

Sub 

Sub 

No. 

Asphalt 

base 

grade 

Asphalt 

base 

grade 

C   8 

396 

5.0 

35.4 

- 

- 

- 

F  13 

200 

5.0 

lb.l 

151 

7.4 

20.7 

F  14 

203 

7.2 

14.9 

218 

7  .4 

24  .4 

F  15 

352 

5.0 

13.5 

381 

4.2 

23.2 

F  16 

265 

5.0 

9.4 

3b4 

3.1 

16.9 

F  17 

522 

N/A 

14.8 

518 

N/A 

2U.0 

F  18 

1000 

5.0 

16.9 

- 

- 

- 

F  19 

200 

5.0 

10.8 

181 

4.0 

15.9 

L  10 

255 

5.5 

9.1 

291 

4.8 

12.8 

L  11 

200 

5.0 

3.7 

232 

1.0 

6.2 

L  12 

415 

14.2 

14.9 

464 

8.8 

25.8 

L  13 

293 

9.5 

18.4 

301 

10.3 

31.6 

L  14 

200 

5.0 

12.0 

225 

1.7 

27.7 

L  15 

200 

5.0 

8.9 

199 

1.2 

17  .0 

L  16 

275 

5.0 

8.6 

279 

5.2 

11  .8 

L  17 

421 

N/A 

15.4 

431 

N/A 

18.2 

S   8 

269 

5.0 

17.2 

295 

2.6 

59.1 

S   9 

481 

9.2 

14.5 

477 

11  .4 

21.5 

S  10 

236 

6.8 

20.8 

242 

7.4 

32.4 

S  11 

1000 

150 

29.2 

680 

15784 

30.1 

S  12 

277 

13.2 

14.9 

278 

15.5 

20.9 

S  13 

217 

17.1 

13.8 

258 

13.7 

18.4 

S  14 

200 

5.0 

15.4 

202 

3.3 

35.6 

S  15 

200 

5.0 

9.0 

187 

1.6 

18.4 

S  16 

248 

7.5 

13.2 

248 

9.7 

17  .7 

V   6 

791 

35.5 

11.6 

773 

b7.6 

17.2 

V   7 

1000 

5.0 

12.5 

- 

- 

- 

V   8 

200 

5.0 

10.1 

179 

1  .1 

27  .1 

V   9 

669 

N/A 

21  .8 

649 

N/A 

29.7 

V  10 

1000 

N/A 

17.3 

,76 

N/A 

25.  1 

Dashes  indicate  computer  program  did 
not  close  to  an  acceptable  solution. 
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Table  5.2   Back  Calculated  E  Values  from 
Summer/Fall  Testing  (ksi). 


Bisdef 

Alternate  Meth 

od 

Sec. 

Sub 

Sub 

Sub 

Sub 

No. 

Asphalt 

base 

grade 

Asphalt 

base 

grade 

C   8 

200 

5.0 

26.9 

- 

- 

- 

F  13 

200 

6.1 

16.2 

166 

9.0 

21  .5 

F  14 

224 

10.1 

13.8 

234 

12.9 

20.5 

F  15 

404 

6.7 

15.9 

431 

5.8 

25.0 

F  16 

394 

5.0 

13.4 

409 

5.9 

18.5 

F  17 

486 

N/A 

14.8 

483 

N/A 

20.0 

F  18 

380 

5.0 

20.2 

499 

0.5 

153 

F  19 

203 

8.2 

11.5 

201 

10.4 

15.3 

L  10 

227 

6.1 

10.0 

236 

b.4 

13.3 

L  11 

200 

5.0 

3.0 

160 

1.2 

4.9 

L  12 

240 

14.2 

15.0 

248 

18.4 

2Z.0 

L  13 

208 

10.8 

17  .5 

213 

13.2 

28.2 

L  14 

200 

5.0 

12.1 

181 

1.7 

30.0 

L  15 

200 

5.0 

10.4 

145 

1.9 

17.2 

L  16 

200 

5.0 

9.4 

162 

5.9 

12.6 

L  17 

257 

N/A 

17.2 

271 

N/A 

20.1 

S   8 

261 

5.0 

20.0 

287 

2.7 

76.6 

S   9 

241 

12.7 

13.4 

224 

24.5 

19.0 

S  10 

200 

5.0 

15.9 

117 

4.6 

29.8 

S  11 

200 

150 

27.2 

267 

13565 

27  .1 

S  12 

201 

18.0 

15.9 

207 

19.3 

23.0 

S  13 

207 

8.8 

13.6 

192 

17  .1 

17.3 

S  14 

200 

5.0 

11  .7 

135 

3.0 

27.9 

S  15 

200 

5.0 

11.5 

153 

3.5 

18.2 

S  16 

200 

6.3 

14.1 

146 

23.6 

16.1 

V   6 

649 

24.4 

10.8 

281 

124 

14.5 

V   7 

200 

5.0 

8.2 

- 

- 

- 

V   8 

200 

5.0 

9.9 

58.9 

3319 

12.6 

V   9 

1000 

N/A 

27  .2 

1096 

N/A 

36.3 

V  10 

1000 

N/A 

25.7 

1897 

N/A 

29.5 

Dashes  indicate  computer  program  did 
not  close  to  an  acceptable  solution. 
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standard  70  degrees  F  by  the  method  presented  in  Appendix  L 
of  the  1986  AASHTO  Guide,  which  allows  the  values  to  be 
compared  on  an  equal  basis.  In  over  50  percent  of  the 
cases,  the  elastic  modulus  values  calculated  from  spring 
and  summer/fall  test  results  differ  from  each  other  by  more 
than  50  percent.  These  results  are  also  unacceptable 
because  they  indicate  great  changes  in  the  asphalt  layer 
moduli  over  periods  of  only  a  few  months. 

The  results  in  Tables  5.3  and  5.4  may  also  be  compared 
with  typical  values  for  the  elastic  modulus  of  asphaltic 
concrete  at  70  degrees  F.  The  Asphalt  Institute  (33) 
reports  an  average  modulus  value  of  about  450,000  psi  at  70 
degrees  F.  In  general,  the  values  in  Tables  5.3  and  5.4 
are  significantly  less  than  that  value,  although  they  range 
from  under  100,000  to  over  1,000,000  psi. 

Use  of  method  1  was  discontinued  due  to   the  lack   of 

direction   in   the   1986  AASHTO  Guide  and  problems  with  the 

back-calculated  modulus  results  described  in  the  previous 
three  paragraphs. 

Method  1_ 

Method  2  requires  only  two  NDT  deflections  for 
analysis:  temperature-corrected  deflection  directly  under 
load  and  un-corrected  deflection  seven  feet  from  load.  The 
seven   foot  deflection  is  used  in  the  following  equation  to 
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Table  5.3   Temperature  Corrected  Moduli  From  BISDEF  (ksi) 


Sec, 
No. 


L-10 

L-ll 

L-12 

L-13 

L-14 

L-15 

L-16 

L-17 

F-13 

F-14 

F-15 

F-16 

F-17 

F-18 

F-19 

S-08 

S-09 

S-10 

S-ll 

S-12 

S-13 

S-14 

S-15 

S-16 

V-06 

V-07 

V-08 

V-09 

V-10 

C-08 


Spring 

Correction    Corrected 

Factor       Modulus 


0.53 
0.47 
0.44 
0.75 
0.80 
0.44 
0.50 
0.50 
0.93 
0.86 
0.63 
1.10 
0.84 
0.75 
0.90 
0.93 
0.39 
0.64 
0.70 
0.87 
0.70 
0.71 
0.71 
0.91 
0.56 
0.53 
0.58 
0.89 
1.20 
0.41 


135 
94- 

183 

220 

160- 
88- 

138 

211 

186- 

175 

222 

292 

438 

750  + 

180- 

250 

188 

151 

700  + 

241 

152 

142- 

142- 

226 

443 

530+ 

116- 

595 
1200  + 

162 


Summer 

Correction    Corrected 

Factor       Modulus 


1 . 

21 

1 . 

32 

1 . 

32 

1. 

21 

1. 

31 

1 . 

40 

1. 

50 

1 . 

00 

1. 

31 

1. 

23 

0. 

91 

1 . 

23 

0 

93 

1 

32 

1 

.61 

1 

.70 

1 

.79 

1 

.78 

2 

.02 

2 

.50 

3 

.40 

3 

.05 

2 

.86 

2 

.50 

1 

.61 

1 

.50 

1 

.79 

0 

.36 

0 

.33 

2 

.35 

275 
264- 
317 
252 
262- 
280- 
300 
257 
262- 
276 
368 
485 
452 
502 
327 
444 
431 
356- 
404- 
503 
704 
610- 
572- 
500- 
1045 
300- 
358- 
360- 
330  + 
470- 


Reached  lower  limit  in  BISDEF 
+   Reached  upper  limit  in  BISDEF 
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Table  5.4   Temperature  Corrected  Moduli  From 
Alternate  Method  (ksi). 


Sec 
No. 


Spring 

Correction    Corrected 

Factor       Modulus 


Summer 

Correction    Corrected 

Factor       Modulus 


L-10 
L-ll 
L-12 
L-13 
L-14 
L-15 
L-16 
L-17 
F-13 
F-14 
F-15 
F-16 
F-17 
F-18 
F-19 
S-08 
S-09 
S-10 
S-ll 
S-12 
S-13 
S-14 
S-15 
S-16 
V-06 
V-07 
V-08 
V-09 
V-10 
C-08 


53 
47 
44 
75 
80 
44 
50 
50 
93 
86 
63 
10 
84 
75 
90 
93 
39 
64 
70 
87 
70 
71 
71 
91 
56 
53 
58 
89 
20 
41 


154 

109 

204 

226 

180 

88 

140 

216 

140 

187 

240 

400 

435 

163 

274 

186 

155 

476 

242 

181 

143 

133 

226 

433 

104 

578 

171 

1.21 
1.32 
1.32 
1.21 
1.31 
1.40 
1.50 
1.00 
1.31 
1.23 
0.91 
1.23 
0.93 
1.32 
1.61 
1.70 
1.79 
1.78 
2.02 


50 
40 
05 
86 
50 


1.61 
1.50 
1.79 
0.36 
0.33 
2.35 


286 
211 
327 
258 
237 
203 
243 
271 
217 
288 
392 
503 
449 
659 
324 
488 
401 
208 
539 
518 
653 
412 
438 
365 
452 

105 
395 
626 


-   Computer  program  did  not  close  to 
an  acceptable  solution. 


71 


calculate  the  subgrade  modulus  (M)  which  reflects  that  par- 
ticular test  date: 


M  =  P(Sp)  /  DR(R)  (5.2) 

where:   P  is  the  NDT  load  in  pounds 

S   is  the  subgrade  modulus  prediction  factor 
F 

given  in  AASHTO 

D   is  the  measured  NDT  deflection  at  a  radial 
R 

distance  R  (84  inches)  from  the  center  of  load. 


The  temperature-corrected   deflection   directly   under 

load   is  then  used  to  solve  for  SN      using  an  equation  of 

XE  FF 

the  following  form  given  in  Appendix  PP  of  the  1986   AASHTO 
Guide  (given  here  as  Appendix  F) : 


d  =  F(p,  ht,  ac,  sn,  ers,  urs)  (5.3) 

where:   d  is  temperature-corrected  deflection  directly 

under  load  ( in . ) 

p  is  NDT  load  (lbs.) 

ht  is  thickness  of  pavement  system  above  the  roadbed 

soil  ( in . ) 

ac  is  radius  of  the  NDT  loading  plate  (in.) 

sn  is  effective  structural  number  (termed  SN 

XEF  F 

in  equation  (5.1)) 

ers  is  resilient  modulus  of  roadbed  soil  (termed  M 

in  equation  (5.2)) 

urs  is  Poisson's  Ratio  of  roadbed  soil 
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Equation  (5.3)  is  an  equation  based  on   elastic   layer 

theory   which   examines   the   pavement  cross-section  as  two 

layers  —  pavement  and  subgrade.   SN      can  be   calculated 

XE  F  F 

because   the   subgrade  modulus  is  already  known  from  (5.2). 

SN   and  F    are  found  as  in  Method  1,  and  SN    is  then  cal- 
Y        RL  OL 

culated.    (A   detailed  description  of  Method  2  is  found  in 
Appendix  E  including  a  Fortran  program  for  solving  (5.3).) 

A  decision  was  made  to  utilize  Method  2  to  finish  this 
research  because  the  method  appears  to  be  complete.  How- 
ever, additional  verification  is  required  before  Method  2 
can  be  utilized  with  confidence. 

Effective  Subgrade  Modulus 


The   effective   subgrade   resilient   modulus   (M  )   is 

R 

defined  as  the  composite  modulus  for  all  the  seasons  of  the 

year,  as  opposed  to  the  M  of  equation  (5.2)   which   is   the 

modulus   only  at  a  particular  NDt  test  date.   M   is  used  in 

R 

the  nomograph  solution  of  SN  .  The  1986  AASHTO  Guide  cal- 
culates M  using  the  chart  presented  in  Figure  5.1,  which 
requires  values  of  M  from  four  seasons  —  spring  thaw, 
spring/fall  wet,  summer,  and  winter.  The  first  three 
values  come  from  NDT  deflections  recorded  in  those  seasons 
used  in  equation  (5.2),  and  the  winter  value  is  estimated 
at  20,000  -  50,000  psi,  depending  upon  the  values  from  the 
other  seasons. 
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Month 

Roadbed 

Soil 
Modulus, 
MR     (psi) 

Relative 
Damage, 

Jan. 

28000 

.00G 

ZBOOO 

.006 

Feb. 

ZSOOO 

.OOG 

Z&ooo 

.  CO& 

Mar. 

20100 

•0/2 

ZClQO 

.oiz 

Apr. 

Zo^oo 

■  o\Z 

21000 

■  oiz 

May 

ziooo 

•OIZ 

ziooo 

.012 

June 

IZCOO 

.010 

Z2COO 

■  010 

July 

2.2JDO0 

■  OID 

22OO0 

.010 

Aug. 

tZOOb 

■  010    ! 

12000 

.010 

Sept. 

Itcoo 

■010 

llooo 

010 

Oct. 

ZlOCO 

.OIZ 

Zlooo 

.oiz 

Nov. 

Ziooo 

.olZ 

ZlOOD 

■a  2 

Dec. 

lAOOO 

.cos 

l&cco 

.O0(o 

Summation 

:    Zuf   = 

D.  138 

M  —5 

20 — = 
10 



*     ,. 

1  

— 

.005 


.01 


.05 


.10 


I     2 


.50 


1.0 


3 

a 


5.0 


10.0 
13.0 


Average:    u( 


uf    =    0.0041 


Effective  Roadbed  Soil  Resilient  Modulus,  MR  (psi)    »  Z2PX>      (corresponds  to  uj 


Figure  5.1     M^   Calculation  Form. 
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M   calculations  were  performed   on   the   test   section 
R 

subgrades   using   the   FWD   values   from   spring   thaw   and 

summer/fall  testing.   The  spring/fall   wet   period   modulus 

values   were  interpolated,  and  winter  values  were  estimated 

as  20,000  -  50,000  psi.   Figure  5.1  contains  an  example   M 

R 

calculation  for  section  F15,  and  complete  results  are 
presented  in  Table  5.5.  Note  that  only  15  test  sections 
are  represented.  All  of  the  test  sections  from  Vincennes 
District  and  sections  LI  1  and  S12  were  eliminated  because 
results  indicated  that  "spring  thaw"  deflection  testing  was 
performed  before  the  subgrade  had  completely  thawed.  Eight 
other  sections  were  eliminated  due  to  lack  of  spring  thaw 
deflection  measurements  seven  feet  from  load. 

Only  the  FWD  could  be  used  in  the  M   analysis.   It   is 

R 

the  only  NDT  device  used  in  the  research  equipped  with  a 
circular  load  plate  required  for  calculations  using  equa- 
tion (5.3). 

The  1986  AASHTO  Guide  states  that  spring  thaw  moduli 
will  be  significantly  lower  than  summer  moduli.  Results  in 
Table  5.5  indicate  that  this  may  not  be  true  in  Indiana, 
with  most  spring  and  summer  modulus  values  reasonably  close 
to  one  another  and  six  of  fifteen  spring  values  higher  than 
summer  values. 


In  many  situations,  only  summer  NDT   deflections   will 
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Table  5.5   Subgrade  Moduli  for  Test  Sections  (ksi). 


MR 

MR 

Sect . 

M 

M 

MR 

Minus 

Minus 

No. 

( Spring) 

( Summer) 

M 

M 

(Spring) 

( Summer) 

No. 

Spring 

Fall 

Spring 

Summer 

F-14 

22.3 

22.0 

23.0 

0.7 

1.0 

F-15 

20.9 

22.  1 

22.0 

1.  1 

-0.  1 

F-16 

33.5 

36.1 

34.0 

0.5 

-2.  1 

F-17 

33.5 

23.6 

26.0 

-7.5 

2.4 

F-18 

43.6 

45.3 

45.0 

1.4 

-0.3 

F-19 

23.0 

20.5 

22.0 

-1.0 

1.5 

L-10 

15.3 

19.0 

18.5 

3.2 

-0.5 

L-12 

23.2 

22.3 

23.0 

-0.2 

0.7 

L-13 

26.1 

33.2 

30.0 

3.9 

-3.2 

L-14 

16.3 

24.9 

19.5 

3.2 

-5.4 

L-15 

14.7 

17.3 

16.0 

1.3 

-1.3 

L-16 

19.4 

21.2 

22.0 

2.6 

0.8 

L-17 

35.0 

32.4 

37.0 

2.0 

4.6 

S-08 

21.1 

22.0 

21.0 

-0.1 

-1.0 

S-15 

20.0 

19.5 

20.0 

0.0 

0.5 

avg. 

0.74 

-0.  16 

a 

2.69 

2.36 
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be  available  for  overlay  calculations.  The  final  column  in 
Table  5.5  shows  that  in  that  case,  summer  modulus  values 
may  be  used  as  a  reasonable  estimate  of  M  . 

Table  3.5  shows  that  spring  deflections  directly  under 
load  are  significantly  higher  than  corresponding  summer 
deflections.  If  spring  and  summer  subgrade  modulus  values 
are  similar  in  Indiana,  what  accounts  for  the  higher  spring 
deflections?  It  is  hypothesized  that  Indiana  spring  and 
summer  subgrade  values  are  similar  because  winter  frost 
only  penetrates  into  the  subbase,  not  into  the  subgrade, 
due  to  climate  conditions  or  the  black  body  effect  of  the 
asphalt  surface.  Thus,  the  subgrade  may  not  become 
saturated  during  spring  thaw  while  the  subbase  does,  making 
the  subbase  the  pavement  layer  contributing  to  higher 
spring  deflections,  not  the  subgrade.  Further  study  is 
indicated  to  test  this  hypothesis. 

OVERLAY  THICKNESS  CALCULATIONS 

AASHTO  Guide  Method  2  was  used  to  calculate  structural 
overlay  thickness  for  the  10  out  of  30  pavement  test  sec- 
tions with  PSI  <  2.7  (sections  at  or  near  required  rehabil- 
itation). The  calculations  were  based  on  the  following 
input  values : 

1.   Reliability  that  design  life  will  be  met  or  exceeded: 
0.85  (per  range  provided  by  1986  AASHTO  Guide). 
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2.  Standard  deviation:   0.35  (per  AASHTO  Guide   example 
calculations ) . 

3.  Asphalt  layer  coefficient:   0.34  (per  IDOH) 

4.  Subbase  layer  coefficient:   0.14  (per  IDOH) 


5.   M   from  Table  5.5,  or,  if  not  listed   in   Table   5.5, 
R 

summer/fall  subgrade  resilient  modulus  was  used. 


6.  Design  life:   10  years  (per  IDOH) 

7.  Initial  PSI:   4.5 

8.  Terminal  PSI:   2.5 

9.  Traffic:   1986  base  traffic  with  a   two   percent   per 
year  traffic  growth  factor. 


Overlay  calculation  results  are  presented  in  Table 
5.6,  which  shows  that  five  out  of  the  ten  test  sections 
(those  with  negative  overlays)  do  not  require  additional 
structural  overlay  during  the  next  ten  years.  These 
results  are  quite  reasonable  for  the  traffic  levels  and 
present  asphalt  thicknesses  considered.  Two  sections  (L13 
and  L14)  already  have  quite  thick  asphalt  layers  but  only 
carry  average  traffic.  The  other  three  sections  (F13,  F16, 
S16)  have  average  existing  asphalt  thicknesses  but  carry 
low   traffic.    Results  for  four  of  the  sections  (L14,  F13, 
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Table  5.6   AASHTO  Overlay  Thickness  Results 


Current 

Section 

AASHTO 

Trucks/ 

Total  Asph. 

Number 

Overlay 

Day 

Thickness 

(in.) 

(in.) 

L-10 

1.6 

398 

5.9 

L-ll 

5.3 

443 

7.9 

L-13 

-11.5 

577 

12.7 

L-14 

-0.2 

686 

11.6 

L-15 

1.3 

196 

8.1 

L-16 

2.1 

863 

7.1 

F-13 

-1.1 

438 

7.5 

F-16 

-0.0 

549 

6.4 

S-16 

-0.6 

177 

8.0 

V-07 

1.4 

1989 

11.2 
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F16,  S16)  indicate  that  modest  reductions  in  asphalt  thick- 
ness (0  inches  to  1.2  inches)  would  be  acceptable,  suggest- 
ing that  increase  in  pavement  asphalt  thickness  over  time 
has  been  greater  than  required  for  structural  capacity. 
The  calculation  for  L13  indicates  that  11.5  inches  of  the 
existing  12.7  inches  of  asphalt  could  be  removed.  Such 
action  should  not  be  taken,  and  that  value  is  unacceptable. 
However,  Tables  3.1  and  3.3  show  that  the  L13  pavement 
cross  section  is  12.7  inches  of  asphalt  above  25  inches  of 
subbase  over  a  sandy  subgrade  (estimated  CBR  of  28).  The 
asphalt  thickness  build-up  over  time  on  such  a  strong  foun- 
dation does  appear  excessive  for  the  relatively  low  traffic 
volume,  but  removal  of  11.5  inches  of  asphalt  is  not  indi- 
cated. 

Four  of  the  other  five  results  in  Table  5.6  indicate 
that  moderate  (1.3  inch  to  2.1  inch)  structural  overlays 
are  required  for  future  traffic.  The  value  for  the  fifth 
remaining  section  (Lll)  specifies  a  5.3  inch  structural 
overlay.  Indiana  experience  has  shown  that  a  three  inch 
maximum  overlay  is  usually  appropriate,  so  5.3  inches  is 
probably  excessive.  However,  the  AASHTO  calculation  for 
Lll  was  greatly  affected  by  an  unusual  circumstance:  a 
peat  subgrade  (Table  3.3).  In  this  situation,  if  Lll  has 
been  performing  satisfactorily  with  thinner  previous  over- 
lays and  if  no  alligator  cracking  is  present,  the  5.3   inch 
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value   should   be   discounted   and  replaced  by  a  value  less 
than  three  inches. 

The  two  sections  of  uncommon  cross-section  (L13  and 
Lll)  which  produced  extreme  overlay  values  demonstrate  that 
engineering  judgment  and  knowledge  of  local  conditions  must 
be  used  with  the  1986  AASHTO  Guide  procedure  when  selecting 
overlay  thicknesses  for  unusual  situations. 

SUMMARY 

The  1986  AASHTO  Guide  Method  2  was  selected  for  calcu- 
lating structural  overlay  thickness.  Method  2  uses  two  NDT 
deflections:  temperature-corrected  deflection  directly 
under  load  and  un-corrected  deflection  seven  feet  from 
load  . 

Method   2   uses   the   effective    subgrade    resilient 

modulus,   M  ,   as  calculated  from  deflection  data  from  four 
R 

different  seasons.   In  Indiana,  if  only  the  summer  subgrade 

resilient   modulus  is  known,  it  may  be  used  in  place  of  M  . 

R 

Test  data  indicates  that  seasonal  change  in  subbase  modulus 
be  examined  in  future  research. 

Results  of  AASHTO  Method  2  structural  overlay  calcula- 
tions on  ten  pavement  sections  provided  generally  good 
results,  though  results  for  two  pavements  with  unusual 
cross-sections  required  the  use  of  engineering  judgment. 
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CHAPTER  6.   DESIGN  METHOD  COMPARISON  AND  DISCUSSION 

Two  methods  were  used  in  this  research  to  determine 
overlay  thickness  requirements.  One  is  an  empirical  method 
which  results  in  an  overlay  thickness  to  resist  surface 
distress  (roughness)  and  provide  rider  comfort  during  the 
overlay  design  life.  The  second  method  is  a  structural 
overlay  design  method  from  the  1986  AASHTO  Guide  (1)  which 
determines  overlay  thickness  required  to  prevent  structural 
failure  during  the  overlay  design  life.  AASHTO  calculates 
a  negative  thickness  if  excess  structural  capacity  is 
present . 

COMPARISON 

Table  6.1  compares  the  results  of  the  two  methods  for 
ten  pavement  test  sections  of  PSI  <  2.7.  The  AASHTO  method 
indicates  that  5  of  the  10  pavement  sections  require  no 
structural  overlay  to  meet  projected  future  traffic. 
AASHTO  calculates  moderate  structural  overlay  requirements 
for  the  other  sections  (with  the  exception  of  Lll,  the  sec- 
tion with  peat  subgrade  discussed  in  Chapter  5). 

The  empirical  calculation  always  adds  overlay  thick- 
ness.  Table  6.1  presents  overlay  thickness  values  between 
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Table  6.1   AASHTO  vs.  Empirical  Equation 
Overlay  Thickness  Results. 


Empirical 

Current 

AASHTO 

Equation 

Total  Asph. 

Sect  ion 

Overlay 

Overlay 

Trucks/ 

Thickness 

Number 

(in.) 

(in.) 

Day 

(in.) 

L-10 

1.6 

1.3 

398 

5.9 

L-ll 

5.3 

1.4 

443 

7.9 

L-13 

-11.5 

1.0 

577 

12.7 

L-14 

-0.2 

1.3 

686 

11.6 

L-15 

1  .3 

1.2 

196 

8.1 

L-16 

2.1 

1.  1 

863 

7.1 

F-13 

-1.1 

0.8 

438 

7.5 

F-16 

-0.0 

1.5 

549 

6.4 

S-16 

-0.6 

1.3 

177 

8.0 

V-07 

1.4 

2.2 

1989 

11.2 
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0.8  inches  and  2.2  inches,  which  are  within   the   range   of 
overlays  studied  in  this  research. 

It  is  not  possible  to  directly  compare  results  from 
the  current  IDOH  structional  overlay  design  procedure  with 
results  of  the  empirical  and  AASHTO  calculations  because 
the  IDOH  procedure  produces  three  potential  overlay 
thicknesses  based  on  varying  the  percentage  of  remaining 
structural  capacity  assigned  to  the  existing  pavement 
layers  in  the  procedure  —  70%,  80%,  100%.  The  designer 
must  then  choose  the  overlay  thickness  he  judges  most 
appropriate.  For  example,  for  section  S16,  the  three 
potential  overlay  thicknesses  generated  are  -2.9  inches, 
-3.6  inches,  and  -5.2  inches.  Although  the  IDOH  procedure 
results  agree  with  the  AASHTO  result  that  the  pavement  does 
not  require  additional  thickness,  the  wide  range  in  values 
provides  little  help  to  the  designer  in  accurately  assess- 
ing structural  capacity.  This  situation  holds  true  in  any 
calculation  using  the  IDOH  method.  For  that  reason,  IDOH 
calculations  are  not  included  in  Table  6.1. 

DISCUSSION 


The  empirical  equation  calculates  an  overlay  thickness 
which  provides  adequate  functional  performance  (ride  qual- 
ity and  resistance  to  roughness)  during  the  overlay  design 
life.    When   pavement  rehabilitation  is  needed,  additional 
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overlay  is  always  added.  This  practice  of  adding  overlays 
for  functional,  not  structural  purposes  appears  to  have 
produced  excess  structural  capacity  in  a  significant  pro- 
portion of  flexible  primary  highway  system  pavements  in 
Indiana.   Three  findings  support  this  statement: 

1.  Only  one  instance  of  significant  alligator  cracking 
(indicating  structural  failure)  was  observed  in  30 
test  sections  (see  "Alligator  Cracking",  Chapter  3). 

2.  Pavement  cores  from  many  of  the  30  test  sections 
showed  thick  pavements  associated  with  relatively  low 
traffic  (see  Tables  3.1  and  3.4). 

3.  AASHTO  overlay  calculations  in  Table  6.1  indicate 
that  five  of  the  ten  test  sections  have  excess  struc- 
tural capacity  . 


Use  of  the  functional  and  structural  design  methods 
together  will  produce  a  more  effective  and  economical  over- 
lay design  procedure  than  that  currently  used.  The  func- 
tional method  calculates  the  thickness  of  newly-laid  over- 
lay required  for  rider  satisfaction.  The  AASHTO  method 
calculates  required  additional  structural  capacity.  If 
both  values  are  positive,  the  larger  value  can  be  used  for 
the  overlay.  If  the  structural  value  is  negative,  a  thick- 
ness equal  to  the  functional   overlay   may   be   milled   and 
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recycled   back  to  the  pavement  as  a  new  surface  (satisfying 
functional  performance  requirements). 

Milling  and  recycling  may  also  be  performed  if  the 
required  structural  overlay  is  positive  but  smaller  than 
the  functional  overlay.  In  this  case,  the  milled  thickness 
is  limited  to  the  functional  thickness  minus  the  structural 
thickness,  and  an  overlay  must  be  added  equal  to  the  func- 
tional thickness. 

It  may  also  be  acceptable  to  mill  a  thickness  greater 
than  the  functional  overlay  before  recycling  if  significant 
excess  structural  capacity  exists.  In  this  case,  the  recy- 
cle thickness  need  only  be  the  functional  thickness. 
Engineering  judgment  should  be  used  when  setting  the  depth 
of  the  milling  operation. 

Under  no  circumstances  should  a  pavement  requiring 
rehabilitation  be  milled  without  a  subsequent  overlay  or 
seal.  This  action  will  expose  a  cracked  surface  to  the 
elements  and  traffic.  Such  a  pavement  will  deteriorate 
rapidly . 
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CHAPTER  7.   CONCLUSIONS  AND  RECOMMENDATIONS 

This  research  has  resulted  in  an  overlay  design  pro- 
cedure which  addresses  both  structural  performance  and 
functional  performance  (resistance  to  surface  distress). 
When  flexible  pavements  are  identified  for  overlay,  two 
calculations  should  be  performed: 

1.   For   functional   performance,   use   equation   4.2   as 
described  in  Appendix  D: 

2  2 

olay  =  0.7592  +  0.00145  (tottrk)   +  0.00379  (age)      (4.2) 

2  2 

+  0.000162  (pci)   -  0.000429  (cbr) 

where : 

olay  =  calculated  thickness  of  required,  new  overlay 
( inches ) 
tottrk  =  (trucks/day)(365)(age)/365,000 

age  =  design  life  of  new  overlay  (years) 

pci  =  desired  PCI  value  at  the  end  of  the  design  life 

of  the  new  overlay  (usually  35) 
cbr  =  estimated  subgrade  CBR 


2.   For   structural   capacity,   use   1986   AASHTO    Guide 
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Overlay  Method  2,  a  method  which  calculates  overlay 
thickness  based  on  NDT  deflection  measurements.  A 
falling  weight  def lectomet er  (FWD)  NDT  device  should 
be  used  to  perform  the  NDT  testing  for  two  reasons: 
a)  AASHTO  calculations  require  NDT  load  to  be  applied 
through  a  circular  loading  plate,  and  b)  An  FWD  load 
most  closely  resembles  a  moving  truck  load  in  both 
load  magnitude  and  load  duration. 

Both  calculations   should   be   considered   in   overlay 
thickness  selection: 

1.  If  both  values  are  positive,  the  larger  may  be  speci- 
fied as  the  design  thickness. 

2.  If  the  structural  value  is  negative,  a  thickness 
equal  to  the  functional  overlay  may  be  milled  and  an 
overlay  applied  or  the  milled  material  recycled  back 
to  the  pavement. 

3.  Increased  milling  may  be  considered  if  significant 
excess  structural  capacity  exists.  In  this  case,  an 
overlay  equal  to  the  functional  requirement  thickness 
should  be  applied  to  the  pavement  and  may  include 
recycling  . 


4.   Milling   may   also   be   performed   if   the    required 
structural   overlay   is  positive  but  smaller  than  the 
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functional  overlay.  The  milled  thickness  will  be 
limited  to  the  functional  thickness  minus  the  struc- 
tural thickness,  and  an  overlay  equal  to  the  func- 
tional thickness  must  be  added. 

During  the  course  of  the   project,   three   areas   were 
identified  for  further  research: 

1.  A  need  exists  to  develop  a  reliable  computer  program 
to  back-calculate  pavement  layer  elastic  moduli  from 
NDT  deflections. 

2.  Due  to  the  significance  of  subgrade  characteristics, 
better  and  more  detailed  assessments  of  subgrade 
strength  are  required. 


3.  An  investigation  to  determine  the  effect  of  subbase 
layers  weakened  by  spring  thaw  moisture  saturation  on 
pavement  structural  capacity  must  be  undertaken. 
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APPENDIX  A   -   DATA   BASE,   EXPERIMENT   DESIGN    AND   FIELD 
TESTING 


The  Indiana  Department  of  Highways  (IDOh),  through  the 
Joint  Highway  Research  Project  (JHRP)  at  Purdue  University, 
initiated  a  project  to  develop  overlay  design  procedures 
for  jointed  reinforced  concrete  (JRC),  continuously- 
reinforced  concrete  (CRC),  and  flexible  pavements.  The 
results  of  this  study  are  expected  to  fill  the  IDOH's  need 
for  a  standardized,  practical  overlay  design  procedure. 


To  collect  the  necessary  data  for  developing  the 
overlay  design  procedure  an  extensive  field  testing  and 
evaluation  program  was  planned  based  on  statistical  design 
of  experiment  concepts.  A  statistically  based  design  of 
experiment  greatly  reduces  the  number  of  pavements  that 
need  to  be  tested  while  maintaining  the  significance  of  the 
results.  Part  of  the  testing  and  evaluation  program 
involved  use  of  several  non-destructive  testing  (NDT) 
devices.  The  NDT  devices  utilized  were  the  Dynaflect, 
falling-weight  def lectomet er  (FWD),  and  two  model  of  the 
Road  Rater  (RR)  devices  (RR400  and  RR2000). 
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NDT  testing  of  each  pavement  section  selected  to 
satisfy  the  design  of  experiment  was  conducted  twice  in 
1986:  once  during  the  spring  thaw  when  the  pavement 
subgrade  is  at  its  weakest  and  once  in  the  summer/fall. 
During  both  test  periods,  the  4  NDT  devices  tested  the 
pavement  within  approximately  forty  minutes  of  each  other 
so  that  results  from  the  4  devices  could  be  compared  on  an 
equal  basis. 

Other  data  gathered  for  each  pavement  test  section 
included : 

1.  Surface  roughness 

2.  Distress  type,  extent  and  severity 

3.  Layer  thickness 

4.  Layer  age 

5.  Subgrade  classification  and  estimated  strength 

6.  Traffic 

7 .  Climatic  data 

This  appendix  outlines  the  steps  that  were  taken  to 
design  the  experiment,  select  the  test  sections,  and  obtain 
the  NDT  results  and  other  data  for  each  test  section. 

SCOPE  OF  EXPERIMENT 


The  road  and  highway  system   in   Indiana   consists   of 
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91,500+  miles  of  public  streets  and  highways  (J_)  .  Of  this 
mileage,  approximately  11,350  miles  are  maintained  by  the 
IDOH  and  sustain  almost  60%  of  the  vehicle  miles  traveled. 
Because  of  the  large  number  of  sample  test  sections  that 
would  be  required  to  analyze  the  entire  state  system,  it 
was  decided  to  include  only  those  highways  on  the  Federal- 
aid  Interstate  (FAI)  and  Federal-aid  Primary  (FAP)  systems. 
Thus,  the  total  pavement  population  to  be  analyzed  was 
reduced  to  approximately  6,200  miles  of  the  most  highly 
traveled  highways  in  Indiana. 

In  a  general  review  of  the  highway  system  inventory, 
four  broad  types  of  pavements  can  be  identified. 

1.  Flexible  pavements 

2.  Jointed  reinforced  concrete  pavements  (JRCP) 

3.  Continuously  reinforced  concrete  pavements  (CRCP) 

4.  Jointed  plain  concrete  pavements  (JPCP). 

Since  initial  construction,  most  of  the  pavements  have  been 
overlaid  one  or  more  times  with  1"  to  5"  of  asphalt  per 
overlay . 

After  studying  the  inventory,  consideration  of  JPC 
pavements  was  discontinued  due  to  the  limited  number  of 
these  types  of  pavements  in  the  highway  system. 
Ultimately,  the  overlay  research  focused  on  the  following 
pavement  types : 
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1.  Overlaid  flexible  pavements 

2.  JRC  pavements  with  and  without  overlays 

3.  CRC  pavements  with  and  without  overlays. 

DATA  REQUIREMENTS 

After  determining  the  highway  population  to  be 
considered  in  the  analysis,  attention  was  turned  to  the 
factors  which  most  affect  overlay  performance.  Initially, 
a  list  of  possible  factors  was  compiled.  In  compiling  this 
list,  particular  attention  was  given  to  a  similar  list 
included  in  the  preliminary  experimental  design  plan  for 
the  long-term  pavement  performance  (LTPP)  area  of  the 
Strategic  Highway  Research  Program  (SHRP)  (j2  )  .  The  general 
list  of  factors  considered  for  both  flexible  and  rigid 
pavements  follows: 

1.  Layer  thicknesses 

2.  Layer  ages 

3.  Layer  types 

4.  Traffic 

5.  Climate 

6.  Pavement  roughness 

7.  Subgrade  type 

8.  Pavement  distress 

9.  Layer  strength. 
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SYSTEM  INVENTORY  AND  DATA  BASE  CONSTRUCTION 

To  obtain  values  for  the  pavement  characteristics 
listed  above,  the  Planning  Division  of  the  IDOH  was 
consulted.  The  Planning  Division  maintains  a  set  of  paper 
files  called  Road  Life  Records  which  contains  basic 
construction  and  major  maintenance  data  for  every  state- 
maintained  highway  in  Indiana.  For  each  county  in  the 
state,  Road  Life  Records  contains  a  line-drawing  of  each 
highway  along  with  data  cards  describing  construction 
dates,  construction  materials,  and  layer  thicknesses,  plus 
information  on  pavement  widenings,  overlays,  etc.  Eight 
man-months  of  effort  were  required  to  convert  information 
about  the  FAI  and  FAP  systems  in  the  Road  Life  Records  to  a 
computer  data  base.  Information  concerning  1747  different 
pavement  sections  was  recorded.  These  sections  range  in 
length  from  several  one-hundredths  of  a  mile  to  20  or  30 
miles.  Two  additional  man-months  were  spent  entering  the 
data  for  the  1747  different  pavement  sections  into  a  data 
base  resident  on  an  IBM  XT  personal  computer.  The  data  was 
entered  using  a  data  base  management  software  package  (6) 
for  ease  of  data  retrieval  and  manipulation.  Approximately 
500,000  bytes  of  memory  were  required  for  the  data  base. 

The  Planning  Division  also  maintains  traffic  data  (3). 
In  each  year  of  a  three-year  cycle,  annual  average  daily 
traffic  (AADT)  data  are  recorded  for  a  different   one-third 


99 


of  Indiana  highways.  Seasonal  and  yearly  adjustment 
factors  are  applied  to  this  data,  but  no  adjustment  is  made 
to  account  for  vehicles  of  more  than  two  axles. 

Number  of   trucks   per   day  is   the   crucial   traffic 

parameter   for   this   study.   To  obtain  trucks/day  for  each 

section  of  highway,  Sharaf's  (4)  values  for   percentage   of 

total   traffic   which   is   truck  traffic  were  multiplied  by 

total  AADT  to  obtain  trucks/day  values  for  each  highway 
section. 

Sharaf  reported  percent  truck  data  for  the  thirty-one 
and  seventeen  truck  count  station  locations  on  the 
federal-aid  rural  primary  and  the  rural  and  urban 
interstate  highway  systems,  respectively.  From  the  truck 
data  collected  at  these  stations,  the  percent  trucks  was 
determined.  This  percentage  is  assumed  to  be  constant  for 
the  highway  system  within  a  given  county.  Percent  trucks 
for  counties  which  did  not  contain  count  station  were 
assumed  based  on  counted  values  in  adjacent  counties  and  on 
counties  with  similar  population  characteristics.  Figures 
Al  and  A2  show  actual  values  and  assumed  values  (in 
parenthesis)  for  the  rural  primary  and  interstate  systems. 


Work  by  Colucci-Rios  and  Yoder  (5)  was  used  to  divide 
the  state  into  two  major  climate  zones.  Factors  such  as 
annual  snowfall  and  rainfall  amounts,  Thornwaithe   Moisture 
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Figure  Al     Percent  Trucks  —  Rural  Primary  Roads 
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(32.01  on  [-65  from  1-265  to  County  Line) 
(27.01  on  1-65  tram  State  Line  to  1-265) 
(22. 0Z  on  I-26S) 

Key: 

9.9   -  Interstate  rural  observed  data 

(9.9)  •  Interstate  urban  observed  data 

[9.9|  -  Interstate  lntcrrolatcd  data 


Figure    A2  Percent    Trucks    —    Rural    and    Urban    Interstate 
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Index,  and  freezing  indexes  were  considered  when 
establishing  this  dividing  line  between  the  two  zones. 
Figure  A3  shows  the  general  climatic  boundary  location.  In 
general,  the  boundary  begins  just  northwest  of  Kentland  at 
the  Illinois / Indiana  state  line  and  proceeds  as  a  straight 
line  east-southeasterly  to  just  south  of  Logansport,  then 
to  just  north  of  Marion,  and  ending  northeast  of  Trinity  at 

the  Ohio/Indiana  state  line. 

* 

Most  highways  in  Indiana  were  constructed  before 
adequate  or  easily-accessible  records  were  kept  concerning 
subgrade  soil  type.  Lacking  this  information,  subgrade 
type  was  not  considered  during  data  base  development. 
Pavement  distress  and  layer  strength  data  were  also 
unavailable.  These  data  were  gathered  later  for  the 
pavement  test  sections  selected. 

STATISTICAL  EXPERIMENT  DESIGN 


The  primary  advantage  of  using  a  statistical 
experiment  design  is  that  it  allows  one  to  obtain  desired 
information  about  a  population  with  relatively  few  samples 
from  that  population.  A  savings  in  time  and  finances  and 
an  increase  in  efficiency  of  the  data  collection  procedure 
results  when  a  proper  experiment  design  is  conducted. 
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Figure  A3     North  and  South  Climate  Zones 
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When  an  experiment  is  designed  (in  this  case,  when  the 
pavement  test  sections  are  selected),  the  size  of  the 
experiment  depends  upon  the  number  of  design  factors 
considered  in  the  experiment,  the  number  of  levels  used 
within  each  factor,  and  the  number  of  repeats  desired.  In 
this  study,  the  list  of  factors  includes  layer  thicknesses, 
traffic,  and  climate  zone. 

Levels  refer  to  the  number  of  levels  within  each 
factor  which  will  be  considered.  For  example,  if  AADT  is 
chosen  as  a  design  factor,  two  levels  of  traffic  would  be 
"low"  and  "high".  If  three  levels  are  considered,  they 
would  be  the  low,  medium,  and  high  levels  of  AADT.  As 
either  number  of  test  factors  or  number  of  levels 
increases,  the  size  of  the  experiment  increases. 

If  test  sections  are  selected  based  upon  three  of 
their   characteristics  (factors)  and  if  each  factor  has  two 

levels,  the  number  of  sections  selected  for  a   full   design 

3  4 

is  2   or  8.  If  four  factors  at  three  levels  are  used,  3   or 

81  sections  must  be  selected.  In  this  type  of  experimental 
design,  called  a  complete  factorial,  all  levels  of  each 
factor  are  represented  with  all  levels  of  each  other 
factor. 


If  only  two  levels  per  factor  are  chosen,  only   linear 
relationships   can   be   calculated   during  analysis  of  test 
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data.    If   three   levels   per   factor   are   used,  curved 

relationships   can   be  determined.   Three  levels  per  factor 

were  selected  so  that  curvature   could   be   detected  in   a 
relationship,  if  present. 

Because  the  state  was  broken  into  two  climate  zones,  a 
total  of  six  different  experiments  were  to  be  designed:  an 
experiment  in  each  climate  zone  for  JRCP,  for  CRCP,  and  for 
flexible  pavements. 

Another  consideration  was  that  the   first   field   test 

series   was   to   be  performed  during  the  spring  thaw  period 

when  excess  water  can   be   present   beneath   the   pavement, 

resulting   in   the   pavement's   weakest   condition.   It  was 

estimated  that  only  a  total   of   65-70   sections   could   be 

tested   during   this   month-long   period.  Thus,  while  three 

levels  of  each  factor  must  be   considered,  only  10-12   test 

sites   could   be   selected  for  each  of  the  six  experiments. 

Thus,  only  two  factors  could  be  used  if  complete   factorial 

,2 


experiments   were   to   be   conducted.   (3' 

3 
acceptable.   3   =  27,  which  is  too  high.) 


9,   which  is 


The  list  of  potential  factors  was  scrutinized.  Despite 
the  fact  that  the  resulting  number  of  test  sections  would 
be  too  high  in  a  complete  factorial  design,  it  was  decided 
that  three  factors  were  required  for  each  experiment.  For 
flexible  pavements,  the  following  factors  were  chosen: 
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1.  Traffic 

2.  Thickness  of  most  recent  overlay 

3.  Total  asphalt  thickness  beneath  most  recent  overlay. 

For  both  JRCP  and  CRCP  ,  the  following   three   factors   were 
chosen : 

1.  Traffic 

2.  Ratio  of  overlay  thickness  to  total  pavement  thickness 

3.  PC  concrete  thickness. 


Once  the  factors  were  selected,  the  levels  of  each 
factor  for  the  experiment  could  be  established.  The 
previously-referenced  data  base  management  software  was 
used  to  compile  data  for  the  plots  in  Figures  A4-A12  for 
flexible,  JRC ,  and  CRC  pavements.  Using  the  information 
presented  on  these  plots,  the  total  range  of  each  factor 
could  be  determined.  Then,  within  the  total  range,  values 
for  high,  medium,  and  low  levels  for  that  factor  could  be 
set.  For  example,  in  Figure  A5 ,  the  thickness  of  most 
recent  overlay  of  flexible  pavements  ranged  from  0.75"  to 
4.75".  However,  almost  all  of  the  overlays  were  from  0.75" 
to  3.25"  thick.  This  smaller  range  was  used  to  set  the 
levels  of  most  recent  asphalt  overlay  thickness  because  an 
insufficient  number  of  the  thicker  overlay  pavement  was 
available  for  testing. 
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In  a  similar  manner,  levels  were  set  for  the  other 
factors  considered  in  the  experiment.  The  list  of  factor 
levels  is  shown  in  Table  Al  .  The  selection  of  three 
factors   meant   that   a  complete  factorial  experiment  could 

not  be  run,  because  162  test  sections  would  be  required  for 

3 
6   of   the   3   designs.   Instead,  composite  designs  (7)  for 

each  of  the  six  experiments  were  selected.    This   type   of 

design  is  a  compromise.  Although  not  as  much  information  is 

obtained  as  in  a  complete  factorial   design,   significantly 

fewer   test   section  are  required  to  gain  that  information. 

Unlike  a  complete  factorial  design,  in  a   composite   design 

not   all    levels   of   each  factor  are  -represented  with  all 

levels  of  each  other  factor. 

Figure  A13  illustrates  the  differences  between  a 
factorial  design  using  three  factors  at  three  levels  and  a 
composite  design  for  three  factors  at  three  levels  for  test 
pavement  selection.  In  both  Figures  A13a  and  A13b,  the  x, 
y,  and  z  axes  represent  the  three  factors.  The  circles 
each  represent  a  different  selected  test  section.  Thus,  in 
Figure  A13a,  (the  complete  factorial)  test  section  #1  has 
factor  x  at  a  high  level,  factor  y  at  a  medium  level,  and 
factor  z  at  a  low  level.  Figure  A13b  represents  the 
composite  design.  As  may  be  noted,  many  of  the  mid-level 
test  sections  are  missing,  which  means  that  this  design 
does   not   provide   as   much   information   as   the  complete 
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Table  Al   Experiment  Factor  Levels. 


Pavement  Type 

Factor 

Low  Level 

Mid  Level 

High  Level 

Flexible 

Trucks  per  day 

300 

1450 

2600 

Flexible 

Overlay  thickness 

1  in. 

2  in. 

3  in. 

Flexible 

Asphalt  beneath 
overlay 

3  in. 

8  in. 

13  in. 

JCRP 

Trucks  per  day 

1075 

3750 

6425 

JCRP 

Ratio  of  most  recent 

overlay  thickness  to 
total  pvt.  thickness 


0.030 


0.175 


0.320 


JCRP 


PCC  thickness 


7.5  in. 


,5  in. 


9.5  in. 
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design.  (In  technical  terms,  it  provides  fewer  error 
degrees  of  freedom.)  In  the  composite  design,  the  number 
of  test  sections  (n)  may  be  determined  by 

k 
n  =  2   +  2k  +  1  (1) 

where  k  is  the  number  of  factors  to   be   considered   (3   in 

this   case).    Equation  1  gives  the  number  of  test  sections 

if  no  factor  combination  is  to  be  tested  twice   (repeated). 

k  3 

The   basis   for   the   design   is   the  2   factorial.   The  2 

pavement  sections  are  at  the   6   corners   of   the   cube   in 

Figure    A13b,    and   they   are   called   factorial   points. 

However,   because   only   two   levels   of   each   factor   are 

included   in   a   2    design,   only   linear  effects  of  these 

factors  may  be   determined   when   regression   is   employed. 

Thus,     to    investigate    curvature    in    a    regression 

relationship,  more  levels  of  each  factor  must  be   obtained. 

In   this  case,  2k  +  1  =  7  additional  points  are  included  to 

allow  curvature  determination  —  one  combination  is  at   the 

center  level  of  all  three  factors,  and  six  combinations  are 

"star",  or  extreme,  points  that  are  located  on  lines   which 

radiate  from  the  center  point  through  the  midpoints  of  each 

of  the  six  faces  of  the  cube.   The  distance  from  the  center 

point   to   each   of   these   points   is   fixed   so   that  the 

orthogonal  nature  of  the  design  is  maintained. 


Therefore,  in  the  proposed  design,   15   test   sections 
are   required  for  each  of  the  6  experiments,  for  a  total  of 
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90  test  sections  —  a  more  reasonable  number  of  sections  to 

test  in  the  allotted  time  and  a  considerable  reduction  from 

3 
the  162  sections  required  by  the  3   factorial  design. 

Thus  far  in  the  experiment  design,  no  factor  level 
combination  was  repeated  (replicated).  Ninety  sections 
were  considered  the  maximum  for  the  testing  time  and 
financial  constraints.  However,  some  replication  was  still 
considered  to  be  necessary.  Thus,  3  of  the  6  star  points 
were  eliminated  from  the  design  and  were  replaced  by  3 
replicates.  Two  of  the  eliminated  star  points  were  used  to 
replicate  two  of  the  factorial  points,  and  one  was  used  to 
replicate  a  star  point.  During  data  analysis,  these 
replicates  will  allow  estimation  of  whether  a  first  order 
(linear)  polynomial  is  a  complete  fit  or  whether  a  second 
order  (quadratic)  should  be  applied.  This  estimation 
technique  is  called  a  lack-of-fit  analysis. 

Technical  Discussion  of  Composite  Design 


What  is  the  premise  which  allows  one  to  reduce  the 
number  of  test  sections  in  the  experiment  by  using  the 
composite  design?  Although  the  detailed  mathematical 
analysis  is  not  required  by  the  engineer  using  this 
technique,  it  is  helpful  to  have  a  basic  understanding  of 
the  underlying  concepts  before  using  the  procedure. 
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The  basic  regression  equation  for  the  composite  design 
when  k=3  (15  factor  level  combinations)  is 


y  -  B0  +  S^  +  B2X2  +  33X3  +  612XlX2  +  ^x^ 

2        2        2 

+  So-jXpX-  +  $  .  .  X  .  +  6^^X„  +  Sq-jX,  +  £ 


(2) 


where  X       are  factor  values,  the  betas   (8s)   are   least 
1  ,  z  ,  j 

square  regression  coefficients,  and  y  is  the  dependent 
variable  (deflection,  roughness,  or  any  other  measured 
result).  The  error  term  has  5  degrees  of  freedom  because 
the  number  of  observations  in  the  experiment  (15)  minus  the 
number   of   beta  terms  (10)  equals  5.   (Note  that  the  three 

factor  interaction,  XXX,   and   the   two-factor,   second- 

2 
order  interactions  (e.g.,  X  X„ )  are  considered  zero  and  are 

left   out   of   equation   2   as   is   often   the   case.)    By 

comparison,   a   three-leveled  factorial  design  will  have  17 

degrees  of  freedom  in  the  error   term   if   all   two-factor, 

second  order  interactions  and  three-factor  interactions  are 

considered  zero.   The  additional  degrees  of   freedom   would 

allow   more   confidence   in   the  analysis  but  would  require 

3 
greater  investment  of  time  and  finances  because  now  3   =27 

factor   level  combinations  must  be  tested  instead  of  merely 

15.   The  5  degrees  of  freedom   provided   by   the   composite 

design  are  considered  adequate  for  this  analysis. 


Detailed  discussion  of  orthogonal  polynomials  and 
their  advantages  may  be  obtained  from  textbooks  on 
statistical   experimental   design   and    response    surface 
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methodology  (7,8). 

TEST  SECTION  SELECTION 

As  stated  previously,  three  equally-spaced  levels  were 
chosen  for  each  factor.  Subsequently,  test  sections  were 
to  be  selected  which  satisfy  the  15  combinations  of  these 
factor  levels  used  in  the  composite  design.  In  reality, 
even  though  there  were  1,747  pavement  sections  to  choose 
from,  no  section  satisfies  a  factor  combination  exactly, 
and,  in  some  cases,  the  closest  fit  was  not  as  good  as  the 
researchers  would  have  desired.  Thus,  during  test  section 
selection,  sections  were  chosen  whose  factor  values  fell  as 
close  as  possible  to  the  desired  factor  levels. 

Using  the  data  base  manager  software,  the  computer  was 
queried  to  supply  pavement  sections  which  complied  with  the 
requirements  for  each  of  the  15  different  test  sections  in 
each  of  the  six  experimental  designs.  From  one  to  perhaps 
20  or  30  candidates  were  found  for  each  description.  These 
sections  were  plotted  in  15  different  colors  on  six 
separate  maps.  Final  selection  of  test  sections  was  based 
upon  two  criteria: 


1.  Sections  in  the  extreme  north  or  extreme  south  climate 
zones  were  favored  which  would  tend  to  bring  out  the 
effects  of  the  climate  zone  factor. 
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2.  Sections  were  selected  that  were  relatively  close 
together  which  would  minimize  travel  time  between 
sites  during  field  testing. 

Unfortunately,  there  is  not  sufficient  variation  in 
CRCP  in  Indiana  to  fill  out  the  desired  experimental 
design.  For  example,  low,  medium,  and  high  levels  of 
traffic  are  desired.  However,  the  CRC  pavements  were 
constructed  for  use  as  high-volume  roads.  Consequently 
test  sections  are  not  available  in  the  low-volume 
categories.  A  similar  situation  occurs  for  the  other 
factors  as  well.  Overall,  only  13  different  CRCP  sections 
were  found  in  the  state  and  were  included  in  the  test 
program.  A  general  regression  analysis  will  be  performed  to 
determine  if  the  various  factors  have  an  effect  on  the 
pavement  test  (independent)  variables. 

Overall,  thirty  flexible  test   sections   (15   in   the 

north   climate  zone;  15  in  the  south  climate  zone),  30  JRCP 

sections,  and  13  CRCP  sections  were  selected  for  a  total  of 
73  test  sections. 


In  subsequent  visits  to  the  offices  of  each  of  the  six 
highway  districts  in  Indiana,  the  selected  test  sections 
were  compared  to  lists  of  projected  major  maintenance 
projects  for  1986.  If  a  test  section  was  scheduled  to  be 
overlaid   in   1986,   an   alternate   pavement   section    was 
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selected.  During  these  visits,  arrangements  were  made  to 
core  the  test  sections  to  verify  construction  and 
maintenance  records  in  the  data  base. 

In  addition,  each  test  section  was  visited.  Inside 
each  test  section  (which  could  be  as  long  as  several  miles) 
the  beginning  and  end  of  a  1250'  final  test  section  were 
marked.  Markings  consisted  of  yellow  arrows  painted  on  the 
centerline  for  2-lane  pavements;  for  multi-lane  pavements, 
the  yellow  arrows  were  painted  just  off  the  pavement  on  the 
right  shoulder.  The  1250'  sections  were  chosen  to  be 
representative  of  the  entire  section,  to  avoid  obstructions 
such  as  bridges,  culverts,  and  railroad  beds,  and  to 
provide  sufficient  sight  distance  for  safety  during 
testing . 

FIELD  NDT  TESTING 


For  any  one  pavement  test  section,  tests  were 
conducted  on  the  same  day  at  the  same  time  with  four  NDT 
test  devices  in  the  following  order:  Dynaflect,  Road  Rater 
Model  400  (RR400),  Road  Rater  Model  2000  (RR2000),  and 
Dynatest  FWD  Model  AE1030.  Testing  was  usually 
accomplished  within  a  40-minute  period.  If  mechanical  or 
electronic  troubles  were  encountered,  the  test  period 
stretched   to  as  long  as  1.5  hours.   During  the  spring  test 
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period,  pavement  surface  temperature  was  measured  twice   at 

each   section   with   an  infrared  temperature  sensor  (Omega 

Engineering,  Inc.,  Model  OS  600).   During   the   summer/fall 

test   period,   readings  were   taken   three   times   at  each 
section. 

Due  to  mechanical  breakdowns,  some  pavements  were  not 
tested  on  the  same  day  by  all  test  devices.  For  a  summary 
of  the  test  schedule,  see  Tables  A2  and  A3. 

Six  sites  were  tested  with  each  device  within  each 
1250'  test  section.  The  sites  were  normally  120'  to  180' 
apart  and  were  located  in  the  outside  wheel  path  of  the 
outside  lane.  On  rigid  or  composite  pavement  sections,  the 
distance  from  the  nearest  joint  or  crack  was  noted. 


The  spring  series  of  test  results  were  obtained  during 
a  five-week  period  in  the  early  spring  (3/17/86  -  4/25/86) 
when  pavement  deflections  tend  to  peak  due  to  pavement 
layer  and  subgrade  thaw.  Climatological  data  (9)  from  the 
National  Oceanic  and  Atmospheric  Administration  (NOAA) 
indicated  that  the  southern  portion  of  Indiana  begins 
spring  thaw  approximately  two  weeks  before  northern 
Indiana.  Therefore,  testing  began  in  the  south  climate 
zone  after  spring  thaw  was  well  underway  and  moved  north. 
Yellow  x's  were  painted  on  the  six  test  sites  within  each 
section  so  that  the  same  sites  would  be  tested   during   the 
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summer/fall  test  period. 

The  bulk  of  the  summer/fall  test  period  was  completed 
from  8/5/86  to  9/5/86.  However,  due  to  equipment 
breakdowns,  some  devices  had  to  go  back  at  a  later  date  to 
test  pavements  that  had  already  been  tested  by  the  other 
devices.  Testing  with  the  RR40U  and  the  Dynaflect  was 
conducted  in  this  manner  on  10/3U/86,  and  the  FWD  on 
11/17/86,  ll/18/8b,  and  11/24/86. 

In  addition,  the  RR2000  was  only  made  available  for 
the  first  two  weeks  of  the  test  period  in  the  summer/fall 
test  period.  During  that  time,  only  test  sections  in  the 
south  climate  zone  were  tested. 


TEST  DEVICES 


The  Dynaflect  (Figure  A14)   is   also   a   steady   state 

deflection   device  with   only   one   dynamic   force  and  one 

frequency  for   the  dynamic   force.   Thus,   all   deflection 
readings   throughout   the   test   sequence  reflect  a  2U0(J-lb 

static  weight   and  a   lUOO-lb   peak-to-peak   dynamic   load 

applied   at  ti    Hz.  Deflections  were  recorded  at  the  center 

of  the  load  and  at  1',  2',  3',  and  4'  from  the  center. 


The  RR400  (Figure   A15)   is   a   steady   state   dynamic 
device   which  applies  an  initial  static  load  of  18U0-lb  and 
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Figure  A14   The  Dynaflect. 
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Figure  A15   The  Road  Rater  400. 
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a  peak-to-peak  dynamic  load  which  can  vary  from  5(JU-lb  to 
2800-lb  with  a  frequency  that  can  be  varied  from  5  Hz  to  7U 
Hz.  For  this  research  project,  sites  1  to  5  were  tested  at 
25  Hz  at  each  of  3  different  dynamic  loads:  bOU-lb,  1200- 
lb  ,  and  1800-lb.  Deflection  readings  were  recorded  for 
each  of  the  three  dynamic  load  levels  at  each  site.  At 
site  6,  the  60U,  1200,  and  1800-lb  loads  were  each  tested 
at  15  Hz,  at  25  Hz,  and  at  35  Hz.  Velocity  sensors 
measured  deflection  for  each  loading  at  each  frequency. 
The  sensors  are  located  at  the  center  of  the  load  and  at 
1',  2',  and  3'  from  the  center. 

The  RR2000  (Figure  A16)  is  a  larger  version  of  the 
RR400,  with  a  static  load  of  3800-lb  and  a  wider  range  of 
dynamic  loads.  On  sites  1-5  of  each  test  section,  peak- 
to-peak  dynamic  forces  of  600,  1200,  1800,  2400,  and  3600- 
lb  were  each  applied  to  the  pavement  at  25  Hz,  and 
deflection  readings  were  taken  for  each  force.  On  site  6,  a 
frequency  sweep  was  conducted:  readings  were  taken  for  each 
of  the  dynamic  loadings  at  15  Hz,  at  25  Hz,  and  at  35  Hz. 
The  velocity  sensors  for  the  RR2000  are  also  located 
directly  under  the  load  and  1 " ,  2',  and  3'  from  the  load. 


The  Dynatest  FWD  Model  AE1030  (Figure  A.17)  is  an 
impulse  load  NDT  device.  In  this  research  project,  the 
load  was  dropped  from  four  different  heights,  imparting 
impact   loads   of  approximately  3000-lb,  6500-lb,  10000-lb, 
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Figure  A16   The  Road  Rater  2000. 
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Figure  A17   The  Dynatest  FWD  Model  AE1030. 
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and  14000-lb.  Deflection  sensors  are  located  at  the  point 
of  load  and  at  two  offset  distances.  The  sensor  at  the 
load  is  fixed  while  the  other  two  are  moveable.  On  sites 
1-4  of  each  test  section,  the  6500  and  14000-lb  dynamic 
loads  were  each  applied  twice,  with  the  movable  sensors  set 
at  1'  and  3'  from  the  load  for  the  first  drop  and  at  2'  and 
4'  for  the  second  drop.  At  the  fifth  site,  the  6500  and 
14000-lb  loads  were  each  applied  three  times ,  with  the 
deflection  sensors  moved  to  5'  and  7'  for  the  third  drop. 
Finally,  at  site  6,  each  of  the  four  dynamic  loads  was 
applied  twice,  first  with  the  sensors  at  1"  and  3',  then 
with  the  sensors  at  2'  and  4'. 


PAVEMENT  CORES  AND  SOIL  BORINGS 


Two  pavement  cores  and  one  set  of  two  shelby  tube 
samples  were  taken  for  each  of  the  test  sections.  The  IDOH 
district  offices  obtained  6-inch  diameter  pavement  cores  at 
approximately  the  one-third  points  of  the  test  sections. 
The  actual  pavement  layer  thicknesses  from  these  two  cores 
were  averaged,  and  the  results  were  assumed  to  be  the 
thicknesses  of  the  pavement  layers  throughout  each  test 
section.  These  insitu  layer  thicknesses  replaced  the 
values  for  thickness  found  in  Road  Life  Records  and  were 
used  in  the  subsequent  statistical  analysis. 
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Because  the  subgrade  is  a  controlling  factor  for 
pavement  behavior  and  performance,  it  was  deemed  necessary 
to  obtain  information  on  the  subgrade  soil.  The  IDOH 
Materials  and  Tests  Division  obtained  shelby  tube  samples 
at  each  test  section.  Although  sampling  at  several 
locations  throughout  each  test  section  was  desirable,  time 
and  personnel  constraints  dictated  one  boring  per  section. 
In  Fort  Wayne,  LaPorte,  Greenfield,  and  Vincennes 
Districts,  a  new  pavement  core  was  drilled  (in  addition  to 
the  two  which  had  previously  been  taken)  and  four  feet  of 
3-inch  diameter  shelby  tube  was  pushed  into  the  subgrade. 
In  the  remaining  two  districts,  Seymour  and  Crawf ordsville , 
the  tubes  were  pushed  in  existing  core  holes  after  the 
filler  material  was  removed.  Boring  logs  included 
descriptions  and  thicknesses  of  the  pavement  materials,  the 
granular  layers  below  the  asphalt  or  concrete,  and  the 
subgrade  soil.  The  top  two  feet  of  the  subgrade  sample  was 
tested  for  density,  moisture  content,  gradation,  and 
Atterberg  limits.  This  information  was  used  to  classify 
the  soil  and  to  estimate  its  in-place  strength.  The 
estimated  subgrade  strength  was  then  incorporated  into  the 
statistical  analysis  for  overlay  design. 


CONDITION  SURVEYS 
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During  summer/fall  field  testing,  condition  surveys 
were  performed  on  each  individual  pavement  test  section. 
These  surveys  determine  the  extent  and  severity  of  pavement 
surface  distresses  such  as  rutting,  polishing,  various 
types  of  cracking,  etc.  The  PAVER  (10)  condition  survey 
method  was  adopted  for  this  research.  PAVER  deducts  values 
for  each  distress  depending  on  the  extent  and  severity  from 
an  initial  score  of  100  and  calls  the  result  the  Pavement 
Condition  Index  (PCI).  Thus,  a  pavement  with  a  PCI  of  90 
is  in  excellent  condition,  while  one  with  a  PCI  of  24  is  in 
very  poor  condition. 

Example  survey  forms   for   concrete-surfaced   and  for 

asphalt-surfaced   pavements   are   given   in   Figure  A18  and 

Figure  A19.   The   forms   list   all   the   distresses   to  be 
recorded . 

Each  pavement  test  section  is  approximately  1250' 
long.  Within  each  section,  six  test  sites  are  located 
120'-180'  apart.  A  condition  survey  of  120'-180'  requires 
up  to  one-half  hour,  which  consumes  most  of  the  time 
required  to  complete  NDT  testing.  Thus,  for  each  of  the  73 
test  sections,  one  of  the  intervals  between  test  sites  was 
randomly  selected  to  be  surveyed. 


Two  adjustments  were  made  in  the  PAVER  survey   method. 
First,   only  one  pavement  lane  was  surveyed,  not  the  entire 
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FORM    A 

CONCRETE   PAVEMENT  INSPECTION  SHEET 


BRANCH      MARSHALL  AVE. 
n.rc         /0/3/7? 


SURVEYED  BY . 


s/r 


SECTION -£_ 


SAMPLE  UNIT 


1 


SLAB  SIZE      (£*.  2-Q 


10 


»  « 

'I  i 


•             * 

i 

i 
i 

ZCL.    1 

55-  1 

25  M 

3SL   1 

222 

22  M 

I 

28M 

Distress  Tyoes 

21.  aiow-Up 

31.  Poiisnea 

Buckling/Shattering 

Aggregate 

22.  Corner  Break 

32.  Pooouts 

22.  Divided  SIod 

33.  Pumomg 

24   OuraDility  (   0  ) 

34.  Pvncnout 

Cracking 

3  5.  Ranroaa 

25.  Faulting 

Crossing 

26.  Joint  Seal  Dcrr.cge 

3  6.  Scanng/  ',iao 

27.  Lane/Shldr  Drao  Off 

Cracxmg/C 

rOZ:ng 

23.   Linear  Cracking 

3  7 .   Shrmxcge  C 

rccxs 

29.  Patcnmg,  Large  3 

3  3.  Spoiling,   2 

zrner 

Util  Cuts 

3  9.  Spaihng,  J 

i 

30.  Patcnmg,  Small 

Joint 

'        

oisr. 

NO**  |    %            i  ZEDUC~ 

TYPE 

ssv. 

SLABS    1  SLABS    \   U 

\L'J£ 

26* 

M    <//// 

- 

22 

1 

j" 

- 

22 

M 

S       i 

s 

23           1    L 

£-         I 

.2               ! 

23           j    M      1       Z 

,'C         I 

a 

38           1     L             Z 

fO 

\               \ 

1             1 
DEDUCT    TOTAL       % = 

I        I 

I                  ! 

•■2.              ! 

2* 

CORRECTED  DEDUCT  VALUE  (COVl 

I- 

PCX   =  100-  COV  =                ~T£                 \ 

"  R 

ATING 

/&&.  V  <-oac 

I 

*  Ail  Distresses  Are  Counted  Cn  A  Slao-By-Sioo  Basis  Except 
D<stress2S,  rVhicn  <s  ^atea  For  -ne  Entire  Sample  Unit. 

*  Total  Numaer  of  Siaas  Containing  Eacn  Distress  of 
Same  Seventy 


Figure  A18    Condition  Survey  Form  for  Concrete 
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FORM     B 

ASPHALT  PAVEMENT  INSPECTION    SHEET 


BRANCH       MoToflPocL    92. 
DATE  /g/2  /J79 


SURVEYED  BY. 


9 '  if 


SECTION 

SAMPLE  UNIT 

AREA  OF  SAMPLE      2^ PC 


± 


Distress  Types 
/.  Alligator  Cracking       *IO.   Lang  3  Trans  Cracking 


2  Bleeding 

3.  Block  Cracking 
*4,  Bumps  and  Sags 

5.  Carrugat  ion 

S.  Depression 
*7.  Edge  Cracking 


II.  Patcnmg  SUtil  Cut  Patcnmg 

12.  Polisned  Aggregate 

*/J.  Potnoies 

14  Rotlroaa  Crossing 

15.  Rutt:ng 

16.  Shoving 


*  3.  Jt  Reflection  Cracking     17.  Slippagg  Cracking 

*  9  Lane/Shldr  Orop  Off    18.  Swell 

19.    Weathering  and  Raveling 


SKETCH. 


loo' 


\H 


suxveyso 


25" 


^STRESS 
TYPE 


DENSITY 


SEVERITY 


deduc: 

VALUE 


1 

1     o.Zu 

1 

I 

1 

\    C   6- 

•SI 

1              7 

c 

1      C.^  a 

1 

L, 

1           -i 

10 

i      ' .  CtC 

I 

_ 

1           U 

'  0 

I      c .  — 

i 

<si 

1           ,J 

IS 

\    z.c 

i 

1_ 

1/2 

deduct 

TOTAL 

3»  ~ 

2_ 

1      V5~      ! 

CORRECTED  DEDUCT  VALUE  (CDV)\      j  3 


>c:  -ico  -cov 


RATING 


CrCc. 


*  All 
ana 
Num 


Distresses  Are  Measured  in  Sauare  Peer  Except  Distresses  4,7,3,9 
0  Whicn  Are  Measured  in  Linear  ~t;   Distress  13  is  Medsured  In 
•per  of  3othoies. 


'//A 

'<:A 

A/y 

/  '//A 

EX  IS 

~/A/G  DISTRESS 

TYPES 

</Q\ 

i 

'S-:        I 

>t,         1                        1                       1 

1                        | 

i                        1                       t 

'OL. 

'  <  CL 

1    2  .■,  £  jT_    i 

<,.<  ~L     \                        1 

3  -. 

i    2.x  Sl" 

1                        1 

•SL         1                      i 

<r  <f                                                                            i 

'  0  L.          1                       1                                                                       1  ■ 

57*         1                    i                    i                    '                    I 

1            1            1            1            1            1 

i 

-iS  J. 

*a 

\         £ 

1       ?C         1 

2«        I                     |                     i 

II" 

'C 

i          / 

1                   1 

l                     1                     1 

*■*•#  -> !                       1                      1                      i                       i                      I 

DCI  CALC'JLAT 

ION                                                       i 

Figure  A19    Condition  Survey  Form  for  Asphalt 
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pavement  surface.  Thus,  to  be  consistent,  longitudinal 
cracking  between  the  lane  to  be  surveyed  and  the  adjoining 
lane  in  asphalt  pavements  was  always  included  among  the 
distresses  noted.  Secondly,  PAVER  does  not  include  a 
specific  method  for  evaluating  CRC  pavements.  Pavements 
with  CRC  surfaces  were  evaluated  as  JRC  pavements  with 
imaginary,  perfect,  transverse  joints  at  20'  intervals. 

PAVEMENT  ROUGHNESS  DATA 

Pavement  roughness  data  for  1986  was  obtained  from  the 
IDOH  Division  of  Research  &  Training  (R&T)  (11).  R&T  tests 
pavements  with  one  Cox  Model  B,  PCA  roadmeter  and  one  Cox 
Model  E,  PCA  roadmeter.  The  basic  pavement  roughness  test 
result  is  the  roughness  number  (RN)  which  gives  a  measure 
of  the  size  and  number  of  bumps  experienced  by  an 
automobile  passenger  traveling  over  a  length  of  road.  The 
RN  is  translated  into  a  Present  Serviceability  Index  (PSI) 
value  through  regression  equations  developed  by  R&T  (12). 

The  range  of  PSI  values  is  from  0  to  5,  with  5  being  a 
perfect  pavement  and  0  an  exceedingly  poor  one.  However, 
when  using  the  R&T  regression  equations,  PSI's  of  greater 
than  5  may  be  calculated.  When  this  occurs,  the  PSI  value 
is  reported  as  5. 
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For  some  test  sections,  1985  roughness  data  (PSI 
values)  is  used  in  place  of  1986  data.  This  substitution 
occurred  for  one  of  two  reasons: 

1.  Although  all  Indiana  highways  are  tested  annually, 
some  portions  of  pavement  are  missed.  If  this 
occurred  for  one  of  the  test  sections,  1985  data  was 
used  . 

2.  If  a  test  section  was  chip  sealed  in  1986  after  NDT 
testing  but  before  roughness  was  measured,  the  1986 
roughness  data  is  not  compatible  with  the  NDT  data. 
In  this  case,  1985  data  is  used. 

CHECKING  DEFLECTION  READINGS 


A  device  and  procedure  was  utilized  to  check  the 
deflection  measured  by  the  sensors  used  with  the  four  NDT 
devices.  Four  direct  current  linear  variable  differential 
transformers  (LVDT's)  were  mounted  on  an  8-foot  long  wooden 
beam  similar  to  that  used  by  Baladi  (13).  This  "reference 
beam"  is  shown  in  Figure  A20.  The  LVDT's  were  carefully 
calibrated  in  the  laboratory.  In  operation,  the  LVDT's 
were  located  adjacent  to  the  deflection  sensors  for  the  NDT 
devices,  a  test  load  was  applied,  and  the  readings  from  the 
two  sets  of  sensors  were  recorded  and  compared. 

The  LVDT's  gaging  range  was   ±   0.25   inches;   with   a 
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Figure  A20    The  Reference  Beam  Fitted  With  LVDT's 
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sensitivity  of  41.1  volts/inch.  Leads  from  the  LVDT's  ran 
to  a  12-channel  light  beam  oscillograph  recorder  with  a 
maximum  sensitivity  of  0.05  volts/inch.  The  oscillograph 
recorded  the  displacements  on  light-sensitive  paper.  Once 
mounted,  the  accuracy  of  the  LVDT's  was  confirmed  by 
comparing  their  output  against  a  micrometer  caliper  of 
0.0005  inch  accuracy. 

In  tests  of  all  four  NDT  devices  on  both  asphalt  and 
concrete  pavements  conducted  at  the  IDOti  Research  & 
Training  Center  in  W.  Lafayette,  Indiana,  the  reference 
beam  was  positioned  as  shown  in  Figure  A21.  The  beam  was 
supported  on  a  4-inch  diameter  section  of  pipe  which  was 
placed  6-7  feet  away  from  the  NDT  loading  point  (this 
distance  kept  the  support  of  the  beam  out  of  the  deflection 
basin  of  the  load).  The  beam  was  leveled  by  raising  or 
lowering  a  jack  which  was  placed  under  the  end  of  the  beam. 
After  being  leveled,  the  beam  was  locked  in  position  by 
placing  a  weight  on  the  beam  above  the  jack. 


Extendable  screwjacks  were  placed  between  the  tip  of 
the  LVDT  probe  and  the  pavement  surface.  The  probe  tip 
matched  an  indentation  in  the  top  of  the  screw  jack.  A 
zero  was  obtained  for  each  LVDT  by  adjusting  the  height  of 
the  screwjacks. 

During  project  planning,  it  was  hoped  that  the   LVDT's 
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Figure  A21   Checking  FWD  Against  Reference  Beam. 
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on  the  beam  could  be  simultaneously  positioned  next  to  the 
sensors  on  the  NDT  devices.  In  practice,  the  NDT  devices 
geometries  did  not  allow  this.  Thus,  in  the  field,  every 
individual  NDT  sensor  except  at  the  point  of  load  was 
tested  separately  after  re-positioning  the  #1  beam  LVDT  as 
close  as  possible  to  an  NDT  sensor  and  at  an  equal  distance 
from  the  load  center. 

Field  tests  were  performed  during  one  day  of  the 
spring  test  period.  On  that  day,  the  following  tests  were 
completed : 

1.  The  FWD  was  tested  only  on  flexible  pavement. 

2.  The  RR2000  was  only  tested  on  flexible  pavement. 

3.  The  RR400  was  only  tested  on  flexible  pavement. 

4.  The  Dynaflect  was   tested   on   flexible   and   concrete 
pavement  . 


Deflection  test  results  are  shown  in  Tables  A4-A6. 
They  indicate  that,  within  a  reasonable  error,  the  FWD 
sensors  were  providing  accurate  deflection  readings.  The 
results  also  show  that  the  LVDT  readings  did  not  agree  with 
deflection  readings  of  either  Road  Rater. 

Although  some  pattern  in  the  Road  Rater  data  may  be 
detected,  e.g.  the  similarity  in  the  "%  difference"  column 
for  sensors  two  feet  and   three   feet   from   load   for   the 
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Table  A4  Spring  FWD  Check — Asphalt. 


FWD 

LVDT 

Test* 

Sensor  Loc. 

Load(KPa) 
414 

Defl.  (mils) 
7.5 

Defl.  (mils) 
7.3 

%  Diff. 

1 

1 

ft. 

-2.7 

2 

1 

ft. 

414 

7.0 

6.8 

-2.9 

3 

1 

ft. 

414 

7.0 

6.8 

-2.9 

4 

1 

ft. 

890 

16.2 

16.4 

1.2 

5 

1 

ft. 

890 

16.2 

16.2 

0.0 

6 

1 

ft. 

890 

16.3 

16.5 

1.2 

7 

3 

ft. 

414 



VOID 

8 

3 

ft. 

414 

3.07 

2.76 

-11.0 

9 

3 

ft. 

414 

3.03 

2.84 

-6.7 

10 

3 

ft. 

414 

3.07 

2.84 

-8.1 

11 

3 

ft. 

890 

7.20 

7.30 

1.4 

12 

3 

ft. 

890 

7.24 

7.06 

-2.6 

13 

3 

ft. 

890 

7.24 

7.14 

-1.4 
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Table  A5   Spring  RR2000  Check— Asphalt , 


Test* 


RR2000  LVDT 

Sensor  Loc.    Load(lb)    Defl.  (mils)    Defl.  (mils) 


Z   Diff, 


1 

1 

ft. 

1200 

1.04 

0.49 

-112.0 

2 

1 

ft. 

1200 



VOID 

3 

1 

ft. 

1200 

1.01 

0.50 

-102.0 

4 

1 

ft. 

2400 

2.17 

2.17 

0.0 

5 

1 

ft. 

2400 

2.19 

2.14 

-2.3 

6 

1 

ft. 

2400 

2.20 

2.26 

2.7 

7 

1 

ft. 

3600 

3.45 

3.77 

8.5 

8 

1 

ft. 

3600 

3.43 

3.65 

6.0 

9 

1 

ft. 

3600 

3.42 

3.77 

9.3 

10 

2 

ft. 

1200 

0.70 

1.30 

46.2 

11 

2 

ft. 

1200 

0.69 

1.38 

50.0 

12 

2 

ft. 

1200 

0.71 

1.26 

43.7 

13 

2 

ft. 

2400 

1.48 

2.43 

39.1 

14 

2 

ft. 

2400 

1.47 

2.43 

39.5 

15 

2 

ft. 

2400 

1.48 

2.35 

37.0 

16 

2 

ft. 

3600 

2.26 

3.41 

33.7 

17 

2 

ft. 

3600 

2.24 

3.41 

34.3 

18 

2 

ft. 

3600 

2.23 

3.45 

35.4 

19 

3 

ft. 

1200 

0.41 

0.78 

47.4 

20 

3 

ft. 

1200 

0.42 

0.78 

46.2 

21 

3 

ft. 

1200 

0.42 

0.83 

49.4 

22 

3 

ft. 

2400 

0.88 

1.55 

43.2 

23 

3 

ft. 

2400 

0.87 

1.55 

43.8 

24 

3 

ft. 

2400 

0.88 

1.55 

43.2 

25 

3 

ft. 

3600 

1.37 

2.28 

39.9 

26 

3 

ft. 

3600 

1.36 

2.28 

40.4 

27 

2 

ft. 

3600 

1.37 

2.28 

39.9 
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Table  A6   Spring  RR400  Check — Asphalt. 


RR400 

LVDT 

Test# 

Sensor  Loc. 

Load (lb) 
1200 

Defl.  (mils) 
1.26 

Defl.  (mils) 
1.54 

%  Diff, 

1 

1 

ft. 

18.2 

2 

1 

ft. 

1200 

1.26 

1.46 

13.7 

3 

1 

ft. 

1200 

1.26 

1.46 

13.7 

4 

1 

ft. 

1800 

2.05 

2.43 

15.6 

5 

1 

ft. 

1800 

2.04 

2.60 

21.5 

6 

1 

ft. 

1800 



VOID 



7 

2 

ft. 

1200 

0.64 

1.14 

43.8 

8 

2 

ft. 

1200 

0.63 

1.14 

44.7 

9 

2 

ft. 

1200 

0.63 

1.14 

44.7 

10 

2 

ft. 

1800 

1.26 

1.78 

29.2 

11 

2 

ft. 

1800 

1.20 

1.78 

32.6 

12 

2 

ft. 

1800 

1.20 

1.82 

34.1 

13 

3 

ft. 

1200 

0.54 

0.41 

-31.7 

14 

3 

ft. 

1200 

0.55 

0.45 

-22.2 

15 

3 

ft. 

1200 

0.55 

0.41 

-34.1 

16 

3 

ft. 

1800 

1.22 

1.30 

6.2 

17 

3 

ft. 

1800 

1.25 

1.34 

6.7 

18 

3 

ft. 

1800 

1.25 

1.38 

9.4 
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RR2000,   the   general   lack  of  agreement  between  the  LVDT's 
and  the  sensors  was  disturbing. 

No  data  is  given  for  the  Dynaflect.  During  tests,  the 
oscillograph  output  remained  flat,  indicating  that  no 
deflection  was  being  measured  by  the  beam.  Dynaflect  loads 
are  small  and  result  in  correspondingly  small  deflections 
that  were  on  an  order  of  0.0001  inch.  Such  small 
deflections  are  outside  the  capability  of  the  LVDT's  used 
on  the  reference  beam. 

Due  to  the  problems  encountered  in  the  first  test 
session,  one  day  in  the  summer/fall  test  period  was  also 
set  aside  for  reference  beam  testing: 

1.  The  RR2000  was  tested  on   both   asphalt   and   concrete 
pavements . 

2.  The  RR400  was  tested   on   both   asphalt   and   concrete 
pavements . 

3.  The  FWD  was  tested  on  only  concrete  pavement. 


Test  results  were  similar  to  spring  results  and  are  shown 
in  Tables  A7-A11.  Again,  the  FWD  sensors  appear  to  give 
reasonable  agreement  with  the  LVDT's.  A  consistent, 
general  trend  was  not  identified  for  the  Road  Raters  when 
comparing  the  same  device  from  spring  test  date  to  summer 
test   date.    However,   the  summer  RR2000  concrete  pavement 
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Table  A8   Summer  RR2000  Check — Concrete. 


RR2000 

LVDT 

Test# 

Sensor  Loc. 

Load(lb) 

Defl.  (mils) 

Defl.  (mils) 

%  Diff, 

1 

1 

ft. 

1800 

1.32 

4.62 

71.4 

2 

1 

ft. 

1800 

1.32 

4.62 

71.4 

3 

1 

ft. 

2400 

1.77 

7.42 

76.1 

4 

1 

ft. 

2400 

1.78 

7.30 

75.6 

5 

2 

ft. 

1800 

1.17 

3.77 

68.9 

6 

2 

ft. 

1800 

1.15 

3.83 

70.0 

7 

2 

ft. 

2400 

1.55 

5.32 

70.8 

8 

2 

ft. 

2400 

1.56 

5.47 

71.4 

9 

3 

ft. 

1800 

0.91 

3.22 

71.7 

10 

3 

ft. 

1800 

0.92 

3.28 

71.9 

11 

3 

ft. 

2400 

1.23 

4.27 

71.1 

12 

3 

ft. 

2400 

1.22 

4.51 

72.9 
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Table  A9  Summer  RR400  Check — Asphalt. 


RR400 

LVDT 

Test* 

Sensor  Loc. 

Load(lb) 
1200 

Defl.  (mils) 
1.69 

Defl.  (mils) 
2.31 

%  Diff, 

1 

1 

ft. 

26.8 

2 

1 

ft. 

1200 

1.69 

2.62 

35.5 

3 

1 

ft. 

1800 

3.83 

4.59 

16.6 

4 

1 

ft. 

1800 

3.83 

4.68 

18.2 

5 

2 

ft. 

1200 



VOID 



6 

2 

ft. 

1200 

1.02 

1.82 

44.0 

7 

2 

ft. 

1800 



VOID 

8 

2 

ft. 

1800 



VOID 

9 

3 

ft. 

1200 

0.64 

1.31 

51.1 

10 

3 

ft. 

1200 

0.64 

1.34 

52.2 

11 

3 

ft. 

1800 

1.32 

1.82 

27.5 

12 

3 

ft. 

1800 

1.32 

1.82 

27.5 
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Table  A10   Summer  RR400  Check — Concrete. 

RR400  LVDT 

Test*   Sensor  Loc.    Load  (lb)    Defl.  (mils)   Defl.  (mils)    %  Dlff_. 


1 

1  ft. 

2 

1  ft. 

3 

1  ft. 

4 

1  ft. 

5 

2  ft. 

6 

2  ft. 

7 

2  ft. 

8 

2  ft. 

9 

2  ft. 

10 

3  ft. 

11 

3  ft. 

12  3  ft. 

13  3  ft. 


1200 

1.59 

2.19 

27.4 

1200 

1.59 

2.19 

27.4 

1800 



VOID 



1800 



VOID 



1200 

0.91 

1.46 

37.6 

1200 

0.91 

1.46 

37.6 

1200 

0.91 

1.34 

32.1 

1800 

1.44 

3.02 

52.3 

1800 

1.44 

3.35 

57.0 

1200 

0.74 

1.58 

53.2 

1200 

0.74 

1.58 

53.2 

1800 

1.93 

2.23 

13.4 

1800 

1.93 

2.23 

13.4 
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Table  All   Summer  FWD  Check — Concrete. 


FWD 

LVDT 

Test* 

Sensor  Loc. 

Load(KPa) 
414 

Defl.  (mils) 
3.42 

Defl.  (mils) 
3.25 

%  Diff, 

1 

1 

ft. 

-5.2 

2 

1 

ft. 

414 

3.46 

3.41 

-1.5 

3 

1 

ft. 

414 

3.50 

3.59 

2.5 

4 

1 

ft. 

890 

7.95 

8.18 

2.8 

5 

1 

ft. 

890 

7.91 

8.18 

3.3 

6 

1 

ft. 

890 

7.91 

8.08 

2.1 

7 

3 

ft. 

414 

1.69 

1.46 

-15.7 

8 

3 

ft. 

650 

2.83 

2.51 

-12.7 

9 

3 

ft. 

650 

2.83 

2.55 

-10.9 

10 

3 

ft. 

650 

2.87 

2.55 

-12.5 

11 

3 

ft. 

900 

3.90 

3.53 

-10.6 

12 

3 

ft. 

900 

3.90 

3.50 

-11.4 

13 

3 

ft. 

900 

3.94 

3.53 

-11.6 

14 

3 

ft. 

999 

•4.37 

3.89 

-12.3 
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deflection  test  data  showed  consistency. 
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APPENDIX  B  -  DESCRIPTION  OF  FLEXIBLE  PAVEMENT  TEST  SECTIONS 
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Table  Bl   Description  of  Flexible  Pavement  Test  Sections. 


Sec- 

i 

tion 
C-8 


F-13 


Co.   Route 


67   US  231 


85   SR  114 


General  Descrip- 
tion and  Length 

From  south  of  I  70 
northerly  to  Jet.  US  40 
-  2.97  mi. 


From  Fulton/Wabash  Co. 
Line  easterly  3.04  mi. 
-  3.04  mi. 


Test  Section^ 
Description 

From  county  road  by 
power  line  tower  (2.0 
mi.  south  of  Jet.  US  40 
&  1.6  mi.  north  of  Jet. 
I  70)  northerly  (NB) 

From  Fulton/Wabash  Co. 

line  easterly  (in 

the  town  of  Disko)  (EB) 


F-14     1   US  27   From  Jet.  SR  124  to 
0.5  mi.  south  of 
Decatur  C/L  -  4.87  mi. 


From  CR  200N  (3.9  mi. 
south  of  US  224  and 
2.3  mi.  north  of 
SR  124)  northerly  (SB) 


F-15     2  US  33   From  1.1  mi.  southeast 
of  Whitley /Allen  Co. 
Line  southeasterly 
-  1.29  mi. 


From  McDuffee  Rd.  (2.8 
mi.  south  of  SR  205) 
southeasterly  (SB) 


F-16    92  SR  114  From  Wabash/Whitley  Co. 
Line  easterly  2.06  mi. 
-  2.06  mi. 


From  CR  850W  (appr. 
1.6  mi.  east  of  Wabash/ 
Whitley  Co.  Line  and 
l.b  mi.  west  of  Jet. 
SR  105)  easterly  (EB) 


F-17     1  US  27   From  Adams /Allen  Co. 

Line  southerly  5.09  mi. 
(SOUTHBOUND  lanes) 
-  5.09  mi. 


From  CR  900N  (4.4  mi. 
south  of  Adams /Allen 
Co.  Line  and  2.65  mi. 
north  of  Decatur  C/L) 
southerly  in  SOUTHBOUND 
lanes  (SB) 


F-18    52  US  31   From  Miami/Fulton  Co. 
Line  southerly 
-  2.43  mi. 


F-19    90  SR  1    From  3.15  mi.  north  of 
Jay /Wells  Co.  Line 
northerly  to  Bluffton 
C/L  -  7.72  mi. 


From  Miami /Fulton  Co. 
Line  and  CR  400 S 
(4.8  mi.  south  of  Jet, 
SR  25)  southerly  in 
SOUTHBOUND  lanes  (SB) 

From  CR  500S  (1.0  mi. 
north  of  Jet.  SR  218) 
southerly  (SB) 
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Table  Bl,  Continued. 


Sec-  General  Descrip- 

tion  Co_.   Route   tion  and  Length 

L-10    64   SR  8    From  Crooked  Creek 

Bridge  to  the  Porter/ 
LaPorte  Co.  Line 
-  2.78  mi. 


Test  Section 
Description 

From  500'  east  of 

CR  500E  easterly  (WB) 


L-ll 


L-12 


L-13 


64   SR  8 


46   US  421 


25   SR  14 


From  one  mile  east  of 
Kouts  to  Crooked  Creek 
Bridge  -  0.74  mi. 

From  south  Jet.  US  6 
to  north  Jet.  US  6 
-  0.99  mi. 


From  1.19  mi.  west  of 

Akron  to  0.67  mi.  west 

of  Akron  near  Fulton/ 

Kosciusko  Co.  Line 
-  0.52  mi. 


From  1000'  west  of 
Crooked  Creek  Bridge 
westerly  (WB) 

From  entrance  to  Truck 
Transport  and  Redi-Mix 
plant  northerly  (north 
boundary  is  not  painted) 
(NB) 

From  0.15  mi.  east  of 
CR  1000E  (CR  1000E  is 
1.4  mi.  west  of  Jet. 
SR  19)  easterly  (WB) 


L-14    66  US  421  From  Jet.  SR  114  north- 
erly to  Jet.  SR  14 
-  8.45  mi. 


From  CR  100S  (CR  100S 
is  1.0  mi.  south  of  no. 
Jet.  SR  14)  southerly  to 
near  the  county  schools 
(SB) 


L-15    75  SR  10   From  Jasper/Starke  Co. 
Line  to  Jet.  US  421 
-  2.02  mi. 


From  400'  west  of 

CR  1100W  westerly  (WB) 


L-16    37   SR  114  From  2.5  mi.  east  of 

Newton/ Jasper  Co.  Line 
easterly  -  2.26  mi. 

L-17    37   SR  10   From  Newton/ Jasper  Co. 

Line  easterly  -  4.02  mi. 


From  CR  700W  easterly 
(located  near  Rens- 
selaer) (EB) 

From  just  east  of  I  65 
easterly  -  appr.  0.3  mi, 
(EB) 


S-8     31  US  150  From  Washington/Harrison 
Co .  Line  to  1.0  mi . 
east  of  Jet.  SR  135 
-  3.46  mi. 


From  Buffalo  Trace 
Park  entrance  (0.75  mi. 
east  of  Jet  SR  135) 
westerly  (EB) 
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Table  Bl,  Continued, 


Sec-  General  Descrip- 

tion  Co_.   Route   tion  and  Length 

S-9     69  US  421   From  Jefferson/Ripley 
Co.  Line  to  Jet. 
US  50  -  12.59  mi. 


S-10    16   SR  46   From  Bartholomew/Deca- 
tur Co.  Line  to  0.5  mi. 
west  of  Jet.  SR  3 
-  6.50  mi. 


Test  Section 
Description 

From  CR  1050S  (0.6  mi. 
north  of  Jefferson/Rip- 
ley Co.  Line)  northerly 
(NB) 

From  CR  600W  (1.1  mi. 
west  of  Jet.  SR  3) 
westerly  (WB) 


S-ll    69   US  50   From  east  C/L  of 

Versailles  easterly 
2.35  mi.  to  near  Jet, 
SR  129  -  2.35  mi. 


From  0.7  mi.  east  of 
Jet.  US  421  easterly  to 
near  Versailles  State 
Park  entrance  (WB) 


S-12    10  SR  60   From  east  C/L  of  Borden 
easterly  -  1.73  mi. 


From  4.8  mi.  east  of 
Jet.  SR  335  (at  Scenic 
Valley  Apts.)  easterly 
(EB) 


S-13     3   SR  46   From  east  C/L  of 

Columbus  City  easterly 
to  near  Jet.  SR  9 
-  4.81  mi. 


From  3.4  mi.  west  of 
Jet.  SR  9  westerly 
to  near  the  County 
Market  (WB) 


S-14     3  SR  9    From  0.03  mi.  south 

of  Shelby /Bartholomew 
Co.  Line  to  appr.  the 
town  of  Hope  -  2.40  mi, 

S-15    10  SR  3    From  Jet.  SR  203  to 
Clark/ Scott  Co.  Line 
-  0.72  mi. 


From  7.4  mi.  north  of 
Jet.  SR  46  northerly 
to  near  CR  900N  (NB) 


From  3.9  mi.  south  of 
Jet.  SR  356  southerly 
(between  Jet.  SR  362 
and  Jet.  SR  203)  (SB) 


S-16    55  SR  135  From  Brown/Morgan  Co. 
Line  to  south  C/L 
Morgantown  -  1.91  mi. 


From  0.8  mi.  south  of 
the  West  Jet.  SR  252 
southerly  (skip  culvert 
in  the  middle)  -  0.2  mi, 
(SB) 
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Table  Bl,  Continued. 


Sec- 
tion 

V-6 


V-7 


Co.   Route 


General  Descrip- 
tion and  Length 


V-8 


19  US  231  From  Spencer /Dubois  Co. 
Line  to  so.  C/L  of  Hunt- 
ingburg  -  5.15  mi. 


19   US  231   From  no.  Huntingburg  C/L 
northerly  -  1.41  miles 


77   SR  154   From  appr.  2.2  mi. 

west  of  Jet.  SR  63  to 
appr.  3.0  mi.  east  of 
Jet.  SR  63  (skip  area 
around  SR  63  in  Grays- 
ville)  -  4.95  mi. 


Test  Section 
Description 

From  appr.  3.5  mi.  no. 
of  Jet.  I  64  northerly 
to  CR  900S  (3.75  mi. 
south  of  Jet.  SR  64  in 
Huntingburg)  (SB) 

From  just  south  of  the 
transmission  lines  (0.3 
mi.  no.  of  Huntingburg 
C/L)  northerly  to  0.3 
mi.  from  beginning  of 
the  concrete  (NB) 

From  0.75  mi.  east  of 
Jet.  SR  63  easterly  to 
county  road  next  to 
white  house  &  barn  with 
tin  roof  (6.5  mi.  west 
of  US  41)  (WB) 


V-9     87  I  64    From  just  east  of  Jet. 
SR  61  easterly  to  War- 
rick/Spencer Co.  Line 
(EASTBOUND  LANES) 
-  14.58  mi. 


Between  MP  47  &  48  appr. 
8  mi.  east  of  Jet.  SR  61 
in  EASTBOUND  lanes  (EB) 


V-10    62   I  64    From  Perry /Dubois  Co. 

Line  to  0.4  mi.  east  of 
Jet.  SR  145  (EASTBOUND 
LANES)  -  5.64  mi. 


From  0.5  mi.  east  of 
Perry/Dubois  Co.  Line 
easterly  (between  MP  67 
&  68)  in  EASTBOUND  lanes 
(EB) 


C  =  Crawfordsville  District,  F  =  Fort  Wayne,  G  =  Greenfield, 
L  =  LaPorte,  S  =  Seymour,  V  =  Vincennes 


All  test  sections  are  approximately  0.25  mi.  long,  except 

where  noted.  Limits  are  yellow  arrows  painted  on  the  pavement. 
Tests  were  run  in  the  right  wheel  path  of  the  outside  lane  (if 
more  than  2-lane  highway).  The  lane  direction  for  the  test  is 
shown  in  parenthesis  (NB  =  northbound,  etc.). 
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Table  B2  County  Names  and  Corresponding  Numbers. 
County  Name   No.     County  Name   No.    County  Name   No. 


Adams 

1 

Hendricks 

32 

Pike 

63 

Allen 

2 

Henry 

33 

Porter 

64 

Bartholomew 

3 

Howard 

34 

Posey 

65 

Benton 

4 

Huntington 

35 

Pulaski 

66 

Blackford 

5 

Jackson 

36 

Putnam 

67 

Boone 

6 

Jasper 

37 

Randolph 

68 

Brown 

7 

Jay 

38 

Ripley 

69 

Carroll 

8 

Jefferson 

39 

Rush 

70 

Cass 

9 

Jennings 

40 

St. Joseph 

71 

Clark 

10 

Johnson 

41 

Scott 

72 

Clay 

11 

Knox 

42 

Shelby 

73 

Clinton 

12 

Kosciusko 

43 

Spencer 

74 

Crawford 

13 

Lagrange 

44 

Starke 

75 

Daviess 

14 

Lake 

45 

Steuben 

76 

Dearborn 

15 

LaPorte 

46 

Sullivan 

77 

Decatur 

16 

Lawrence 

47 

Switzerland 

78 

Dekalb 

17 

Madison 

48 

Tippecanoe 

79 

Delaware 

18 

Marion 

49 

Tipton 

80 

Dubois 

19 

Marshall 

50 

Union 

81 

Elkhart 

20 

Martin 

51 

Vanderburgh 

82 

Fayette 

21 

Miami 

52 

Vermillion 

83 

Floyd 

22 

Monroe 

53 

Vigo 

84 

Fountain 

23 

Montgomery 

54 

Wabash 

85 

Franklin 

24 

Morgan 

55 

Warren 

86 

Fulton 

25 

Newton 

56 

Warrick 

87 

Gibson 

26 

Noble 

57 

Washington 

88 

Grant 

27 

Ohio 

58 

Wayne 

89 

Greene 

28 

Orange 

59 

Wells 

90 

Hamilton 

29 

Owen 

60 

White 

91 

Hancock 

30 

Parke 

61 

Whitley 

92 

Harrison 

31 

Perry 

62 
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•gA^  CRAW  FORDS  VILLE      DISTRICT 


Figure  Bl 


Flexible  Test  Section  Locations  in 
Crawf ordsville  District. 
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FORT  WAYNE     DISTRICT 


Oct.   1978     %/j3 


Figure  B2     Flexible  Test  Section  Locations  in 
Fort  Wayne  District. 
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LAPORTE      DISTRICT 


Figure  B3 


Flexible  Test  Section  Locations  in 
LaPorte  District. 
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SEYMOUR      DISTRICT 


Figure  B4 


Flexible  Test  Section  Locations  in 
Seymour  District. 
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VINCENNES    DISTRICT 


Oct.  1978 


Figure    B5 


Flexible  Test  Section  Locations  in 
Vincennes  District. 
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APPENDIX  C  -  TESTING  DATA  BASE 

A  significant  amount  of  data  was  collected  during  the 
3-year  duration  of  the  overlay  design  study  conducted  for 
IDOH.  The  data  base  containing  this  data  which  follows 
includes  complete  information  on  section  location,  traffic, 
cross  section,  subgrade  soil,  climate  zone,  and  deflection 
testing  dates,  times,  temperatures,  and  values.  A  great 
deal  of  care  was  taken  in  organizing  the  data  to  facilitate 
accessing  and  manipulating  the  data.  Note  that  the  data  is 
essentially  free  format  for  maximum  flexibility.  The  com- 
plete set  is  also  available  on  5-1/4"  floppy  diskettes  from 
the  Transportation  Area,  School  of  Civil  Engineering,  Pur- 
due University,  West  Lafayette,  IN   47907. 

Following  is  an  entry-by-entry  explanation  of  each 
value  found  in  the  data  set: 

Line  No.  1  -  Location,  Traffic,  and  Climate  Zone  Data 


Test  Section  Number  (Entry  1_)  .  The  test  sections  in  each 
IDOH  district  (C  =  Crawf ordsville ,  F  =  Fort  Wayne,  G  = 
Greenfield,  L  =  LaPorte,  S  =  Seymour, (  and  V  =  Vincennes) 
are   numbered   consecutively  in  the  following  order:   CRCP, 
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JRCP,  and  Asphalt. 

County  Number  ( Entry  1) .  This  entry  identifies  the  county 
in  which  the  test  section  is  located.  The  92  counties  are 
numbered  consecutively  in  alphabetical  order.  Appendix  B 
contains  a  list  of  corresponding  county  names  and  numbers. 

Route  Type  ( Entry  3_)  .  The  route  types  (I  =  Interstate,  US 
=  United  States,  and  SR  =  State  Road)  correspond  to  those 
used  in  route  signing  by  the  State  of  Indiana. 

Route  Number  ( Entry  4_)  .  The  route  numbers  correspond  to 
those  used  in  route  signing  by  the  State  of  Indiana. 

Average  Annual  Daily  Traffic  ( AADT)  (Entry  5)  •  The  IDOH 
Division  of  Planning  maintains  traffic  information  by  high- 
way. Each  highway  in  each  county  is  divided  into  several 
sections,  and  the  AADT  is  determined  for  each  section.  The 
IDOH  updates  the  traffic  information  for  each  route  every 
three  years  . 

Percent  Trucks  ( Ent  ry  6_)  .  This  entry  shows  the  percent  of 
the  AADT  which  is  composed  of  trucks.  Percent  truck  data 
was  obtained  from  a  Ph.D  thesis  by  E.A.  Sharaf  titled 
"Analysis  of  Highway  Maintenance  Costs"  (Purdue  University, 
August  1984).  Seventeen  interstate  and  thirty-one  primary 
rural  highway  counting  sites  were  located  in  various 
counties  throughout  the  state.   At  each  of  these   stations, 
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periodic  traffic  counts  were  made  for  both  trucks  and  auto- 
mobiles during  several  consecutive  years.  The  percent 
trucks  was  calculated  at  each  count  station.  This  value 
was  considered  representative  of  all  similar  highway  types 
throughout  the  county  in  which  the  station  was  located.  In 
counties  which  had  no  count  station,  percent  trucks  was 
extrapolated  or  interpolated  from  adjacent  counties  or  from 
counties  with  similar  traffic  and  demographic  characteris- 
tics . 

Number  of  Trucks  ( Entry  7_)  .  This  value  was  obtained  by 
multiplying  AADT  by  percent  trucks  on  each  test  section. 

Climate  Zone  (Entry  8^).  The  state  was  divided  into  two 
climate  zones  (N  =  north  and  S  =  south).  The  dividing  line 
begins  near  Kentland  in  the  west  and  extends  to  near  the 
Jay/Adams  county  line  in  the  east.  Factors  included  when 
determining  this  boundary  include  temperature,  precipita- 
tion, and  ground  moisture. 

Line  No.  2  -  General  Pavement  Section  Data 

General  Section  Description  ( Entry  1_)  .  A  pavement  section 
is  considered  to  have  the  same  cross  section  throughout  its 
length.  Sections  were  identified  by  construction  or 
maintenance  contract  number  found  in  Road  Life  Records, 
Division  of  Planning,   IDOH.    A   1250'   test   section   was 


171 


selected  within  the  boundaries  of  this  general  section.  A 
list  of  definitions  of  the  abbreviations  used  in  the 
descriptions  follows: 


F.  =  From 
CL  =  county  line 
C/L  =  city  limit 
NB  =  northbound 
EB  =  eastbound 
SB  =  southbound 
WB  =  westbound 


CR  = 


miles 
north 
eas  t 
south 
wes  t 
=  southeast 
county  road 


Length  of  the  General  Section  ( Entry  2) .  The  length  is 
given  in  miles . 

Line  No.  3  -  Pavement  Test  Section  Data 

Test  Section  Description  ( Entry  j_)  .  The  location  of  each 
pavement  test  section  is  described.  Deflection,  condition, 
serviceability,  traffic,  subgrade,  and  climate  data  for 
this  project  were  collected  on  each  section.  Definitions 
of  abbreviations  are  the  same  as  listed  in  the  General  Sec- 
tion Description. 

Length  of  Test  Section  (Entry  2) .  The  length  is  given  in 
miles  and  is  approximately  0.25  miles  for  every  test  sec- 
tion . 
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Line  No.  4  -  Pavement  Cross  Section  Data 

Cross  Section  Type  ( Entry  1_)  .   A  number   from   1   to   7   is 
shown. 


1  =  bituminous  pavement 

2  =  asphalt  on  JRCP 

3  =  asphalt  on  JPCP 

4  =  asphalt  on  CRCP 

5  =  non-overlaid  JRCP 

6  =  non-overlaid  JPCP 

7  =  non-overlaid  CRCP 

Contract  Number  ( Entry  2^).  This  contract  number  is  the  one 
under  which  the  newest  overlay  was  constructed. 

Year  Construction  Ended  ( Entry  _3  )  .  Listed  are  the  last  two 
digits  of  the  year  in  which  the  contract  for  the  newest 
overlay  was  completed. 

Age  of  Newest  Overlay  ( Entry  4_)  .  Testing  during  this  study 
was  conducted  in  1986.  The  overlay  age  is  calculated  by 
subtracting  the  year  construction  ended  from  1986.  If  no 
overlay  has  been  placed  on  the  original  pavement,  this 
value  is  the  age  of  the  original  pavement. 

Latest  Overlay  Thickness  ( Entry  _5 )  .  The  thicknesses  shown 
for  the  newest  asphaltic  concrete  overlay  are  in  inches. 
If  a  pavement  has  not  been  overlaid,  zero  is  shown. 
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Ratio  of  Newest  Overlay  Thickness  to  Total  Pavement  Thick- 
ness (Entry  6^).  Total  pavement  thickness  consists  of  the 
sum  of  all  asphaltic  thicknesses  which  have  been  placed  in 
the  test  section.  Total  thickness  does  not  include  granu- 
lar base  or  subbase.  The  ratio  is  zero  for  all  flexible 
pavements.  (This  factor  was  not  used  in  the  analysis  of 
data  for  AC  pavements;  thus,  it  was  not  calculated.) 

Thickness  of  Asphaltic  Concrete  Base  (Entry  7_)  .  Asphaltic 
concrete  "base"  consists  of  all  AC  which  is  under  the 
newest  AC  overlay  in  bituminous  pavements.  Thicknesses 
listed  are  in  inches.  A  value  of  zero  is  shown  when  no 
(AC)  base  is  present. 

Portland  Cement  Concrete  Thickness  (Entry  8_)  .  For  all  com- 
posite pavements  and  PC  pavements,  these  thicknesses  are 
shown  in  inches.  A  value  of  zero  appears  when  the  pavement 
cross  section  is  AC. 


Subbase  Thickness  (Entry  9^).  The  thicknesses  of  subbase 
under  the  AC  or  PCC  pavements  are  given  in  inches.  Zero  is 
shown  if  the  pavement  lies  directly  on  the  subgrade. 
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Subbase  Type  ( Entry  10 ) .  For  subbase  type,  the  following 
code  was  used  : 

G  =  granular 

BS  =  bituminous  stabilized 

N  =  none  present 

Line  No.  5  -  Subgrade  Data 

Three-inch  shelby  tubes  were  pushed  into  the  subgrade 
through  a  six-inch  core  holes  in  each  of  the  pavement  test 
sections.  From  this  sample,  sieve  analyses,  Atterberg 
limit,  dry  unit  weight,  moisture  content,  and  specific 
gravity  tests  were  conducted  to  ascertain  the  following 
data  shown  in  this  line  of  the  data  base: 


AASHTO  Soil  Classification  (Entry  JL_) 


AASHTO  Soil  Group  Index  (Entry  2)  . 

Unified  Soil  Classification  ( Entry  3^)  . 

Dry  Unit  Weight  (Entry  4_)  . 

In-place  Moisture  Content  ( Entry  5)  . 

Estimated  CBR  (%)  (Entry  6_)  .  See  the  "Thickness  Design  for 
Concrete  Highway  and  Street  Pavements",  Portland  Cement 
Association,  1984,  p.  7.  The  two  soil  classifications  were 
used  to  estimate  the  CBR  values. 
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Liquid  Limit  ( Entry  7)  . 
Plastic  Limit  (Entry  8_)  . 
Plasticity  Index  ( Entry  _9)  . 
Specific  Gravity  (Entry  10) 


Line  No.  6  -  Condition,  Performance, 
and  Skid  Measurements 


Condition  Rating  (Entry  1_)  .  Pavement  condition  was  quanti- 
fied using  the  pavement  maintenance  management  system 
(PAVER)  developed  by  M.D.  Shahin  and  S.D.  Kohn  for  the  U.S. 
Army  Corps  of  Engineers  and  discussed  in  Technical  Report 
M-294,  "Pavement  Maintenance  Management  for  Roads  and  Park- 
ing Lots",  USACE-CERL,  October  1981. 

Serviceability  Measurement  ( Entry  2).  The  IDOH  Research 
and  Training  Center  measures  roughness  of  Indiana  highway 
pavements  on  a  three  year  cycle  using  the  Portland  Cement 
Association  (PCA)  Roadmeter.  The  roughness  values  obtained 
are  converted  to  Present  Serviceability  Index  (PSI)  using  a 
regression  equation  relating  these  roughness  values  to  PSI. 

Skid  Number  ( Entry  3_)  .  The  IDOH  Research  and  Training 
Center  yearly  quantifies  skid  characteristics  of  Indiana 
highway  pavements  using  a  skid  trailer. 
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Line  No.  7  -  Number  of  Days  of  Testing 

Deflection  measurement  were  made  during  two  testing  periods 
-  spring  and  summer/fall.  Because  of  equipment  malfunc- 
tions, not  all  test  sections  were  tested  by  all  NDT  deflec- 
tion testing  devices  on  the  same  day.  This  line  has  one 
entry  showing  the  total  number  of  days  in  the  combined 
spring  and  summer/fall  testing  sessions  that  deflection 
testing  was  performed  on  a  pavement  test  section. 


Line  No.  8  -  Testing  Dates,  Times, 
Temperatures,  and  Devices  Used 


Date  of  Test  (Entry  1_)  . 

Equipment  Used  (Entries  2_  through  5_)  .  Four  NDT  devices 
were  used  during  the  pavement  testing.  The  use  of  the 
Dynaflect,  Road  Rater  400  (RR400),  Road  Rater  2000 
(RR2000),  and  Dynatest  Falling  Weight  Def lectometer  (FWD) 
at  a  test  section  on  a  particular  day  may  be  ascertained 
from  the  second,  third,  fourth,  and  fifth  entries,  respec- 
tively, on  this  data  line.  A  "1"  as  an  entry  indicates 
that  a  device  was  used,  and  a  "0"  indicates  that  it  was 
not.  For  example,  the  entry  "1  0  1  0"  as  the  second 
through  fifth  entries  would  show  that  the  Dynaflect  and  the 
RR2000  were  used  on  a  test  section  on  the  date  shown. 


Beginning  and  Ending  Times  of  Testing  ( Entries  6_      and   7)  . 
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All  times  shown  are  in  military  time. 

Pavement  Surface  Temperatures  ( Entries  8_  through  10). 
Pavement  temperatures  in  degrees-Fahrenheit  were  measured 
at  different  times  throughout  the  deflection  testing.  A 
maximum  of  three  measurements  were  made.  A  zero  is  placed 
in  remaining  entries  if  fewer  than  three  temperature  meas- 
urements were  taken. 

Air  Temperature  ( Entry  11).  A  thermometer  was  placed  in 
the  shade  away  from  the  pavement  at  the  test  site  to  obtain 
the  air  temperature  in  degrees-Fahrenheit. 

Five-day  Average  Air  Temperature  ( Entry  12) .  The  average 
temperature  for  the  five  days  before  the  test  day  was  cal- 
culated by  adding  the  high  and  low  temperatures  for  all 
five  days  and  dividing  by  ten.  This  value  was  used  in 
obtaining  the  temperature  correction  factor  for  the  deflec- 
tion values.  Deflections  were  converted  to  equivalent 
deflections  at  70  degrees-F.  Temperature  information  was 
obtained  from  the  climatological  data  published  by  the 
National  Oceanic  and  Atmospheric  Administration  (NOAA). 

Line  No.  9  -  First  NDT  Deflection  Device 

The  name  of  the  device  for  which  deflection  data  is  about 
to  be  listed  is  named. 
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Lines  10,  etc.  -  Deflection  Data 

Raw,  pre-temperature-corrected  data  obtained  from  each  NDT 
deflection  testing  device  which  was  used  on  a  given  day  is 
given.  Unique  amounts  of  data  were  recorded  for  each  NDT 
device;  thus  each  line  has  entries  of  different  data  types: 


Dynaflect  -  site  no.,  location  of  loading  site,  load 
magnitude,  frequency  magnitude,  and  deflections  at 
sensors  0,  1,  2,  3,  and  4. 

Road  Raters  400  and  2000  -  site  no.,  load  no.,  fre- 
quency no.,  location  of  loading  site,  load  magnitude, 
frequency  magnitude,  and  deflections  at  sensors  0,  1, 
2,  and  3. 

Dynatest  FWD  -  site  number,  load  number,  location  of 
loading  site,  load  magnitude,  and  deflections  at  sen- 
sors 0,  1,  2,  3,  4,  5,  and  7. 

More  detailed  descriptions  of  the  data  line  entries  follow. 


Site  Number .  Each  test  section  was  tested  at  six  loca- 
tions, or  sites,  within  the  section.  On  some  JRCP  test 
sections,  a  seventh  site  was  added  at  a  joint.  The  sites 
are  numbered  consecutively  in  the  order  that  testing  was 
performed . 

Load  Number .  Load  imparted  to  the  pavement  may  be  varied 
by  several  of  the  devices.  These  loads  are  numbered  con- 
secutively from  lowest  to  highest. 


Frequency  Number .  When  frequency  of  loading  could  be 
varied,  the  frequencies  were  numbered  consecutively  from 
low  to  high. 
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Location  of  Loading  Sit e .  On  jointed  concrete  pavements, 
the  test  sites  were  generally  located  in  the  right  wheel 
path  at  mid-slab  or  at  a  joint.  On  bituminous  and  CRC 
pavements,  the  location  of  these  sites  was  random.  The 
following  entries  are  made  based  upon  location: 

0  =    not    applicable 

1  =    adjacent    to    joint 

2  =    mid-slab 

Load  Magnitude .  The  load  magnitude  for  the  Dynaflect  and 
Road  Raters  are  listed  in  kips  of  force.  Kilopascals  (kPa) 
are  the  units  for  the  FWD  loading.  The  circular  plate 
through  which  the  FWD  load  is  imparted  has  a  diameter  of 
300mm. 

Frequency  Magnitude  The  frequency  of  the  loading  is  shown 
in  Hz . 


Deflection  at  Sensor  No  .  Q_.  This  deflection  sensor  is 
located  at  the  center  of  loading  for  each  device.  The 
remaining  sensors  are  numbered  according  to  their  distance 
in  feet  from  sensor  no.  0  (or  the  load  center).  They  radi- 
ate from  the  load  center  at  one-foot  intervals,  except  for 
sensor  no.  7  which  is  two  feet  from  sensor  no.  5  for  the 
FWD;  there  is  no  sensor  no.  6.  The  deflection  values  shown 
for  all  sensors  for  the  Dynaflect  and  Road  Raters  are  in 
milli-inches ,  or  mils.   The  FWu  deflection   values   are   in 
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microns 


Deflection  at  Sensor  No.  1 


Deflection  at  Sensor  No.  2 


Deflection  at  Sensor  No.  3 


Deflection  at  Sensor  No.  4 


Deflection  at  Sensor  No.  5 


Deflection  at  Sensor  No.  7. 


Once  deflection  information  is  completed  for  a  given 
day,  lines  8  and  after  are  repeated  for  the  next  test  date 
on  that  test  section.  When  all  deflection  data  has  been 
listed  for  a  test  section,  the  process  is  repeated  from 
line  1  for  the  next  section. 
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"F16"  92  "SR"  114   2196  25.0  549  "N" 

"F.  Wabash/Whitley  CL  easterly"  2.06 
"F.  CR850U  (1.6s.  h.  of  SR105)  easterly  (EB)"   0.25 

1   6264  64  22  3.1   0.00  3.1  0.0  12.0  "6" 

"A-6"    3  "CL"    116.3  14.9  11  30.7  15.6  15.2  2.74 
39  2.6  0 
2 

"04-02-86"  1111  1500  1530  75   0   0  65  57 
"Dvnaflect" 

1  0    1.0    8    1.21    0.89  0.55  0.31    0.17 

2  0    1.0    8    1.13    0.89  0.57  0.33    0.18 

3  0    1.0    8    1.23    0.90  0.53  0.28    0.13 

4  0    1.0    3    1.34    0.96  0.57  0.30    0.14 

5  0    1.0    3    1.37    0.95  0.52  0.25    0.10 

6  0    1.0    8    1.16    0.85  0.53  0.31    0.16 
"Road  Rater  400" 

112    0    0.59      25.0  1.14  0.87       0.60  0.77 

12  2    0    1.23      25.0  2.45  3.43        1.31  1.50 

13  2  0  1.84  25.1  4.37  4.12  2.38  2.85 
2  12  0  0.86  29.7  1.10  0.39  1.09  0.64 
2    2    2    0    1.22      25.0  2.33  1.87       0.66  0.74 

2  3    2    0    1.83      25.0  4.21  3.44       2.02  2.45 

3  12  0  0.59  25.0  1.18  0.31  0.57  0.37 
3    2    2    0    1.24      25.1  2.42  2.12        1.13  0.85 

3  3    2    0    1.83      25.1  4.34  3.26       2.04  2.02 

4  12  0  0.61  25.0  1.20  0.86  0.33  0.25 
4    2    2    0    1.21      25.0  2.57  1.69        1.52  0.44 

4  3    2    0    1.35      25.0  4.94  3.48        2.72  1.16 

5  12  0  0.60  25.0  1.17  0.94  0.85  0.45 
5    2    2    0    1.24      25.0  2.67  2.61        1.17  1.45 

5  3    2    0    1.87      25.1  4.96  1.49       2.30  1.88 

6  110  0.62  15.1  0.32  0.56  0.34  0.66 
6  2  10  1.24  15.2  1.35  1.26  0.79  1.55 
6  12  0  0.60  25.0  1.02  0.74  0.51  0.29 
6  2  2  0  1.23  25.1  2.15  2.17  1.06  0.63 
6  3  2  0  1.85  25.1  4.06  1.90  2.54  1.32 
6  13  0  0.59  35.0  1.19  0.77  0.55  0.46 
6  2  3  0  1.18  35.0  2.99  2.22  1.46  1.18 
6    3    3    0    1.77      35.0  6.29  5.46       3.18  2.49 

"Road  Rater  2000" 

112    0    0.57      25.1  0.88  0.61        0.41  0.27 

12  2    0    1.20      25.1  2.01  1.42       0.89  0.59 

13  2    0    1.79      25.1  3.18  2.23        1.40  0.92 

14  2    0    2.38      25.1  4.55  3.26       2.05  1.29 

15  2  0  3.61  25.1  7.77  5.60  3.49  2.13 
2  12  0  0.58  25.1  0.89  0.68  0.42  0.28 
2  2  2  0  1.16  25.1  1.91  1.48  0.93  0.60 
2  3  2  0  1.78  25.1  3.17  2.47  1.53  0.99 
2    4    2    0    2.41      25.1  4.56  3.53       2.19  1.33 

2  5    2    0    3.60      25.1  7.70  5.95       3.72  2.33 

3  12  0  0.58  25.1  0.91  0.68  0.32  0.21 
3  2  2  0  1.21  25.1  2.08  1.51  0.73  0.47 
3  3  2  0  1.80  25.1  3.34  2.36  1.22  0.75 
3  4  2  0  2.41  25.1  4.68  3.20  1.76  1.03 
3    5    2    0    3.61      25.1  8.18  5.41        3.26  1.76 
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6  3  3  0  1.30   35.0   4.19   3.29   2.22   1.41 
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6  13  0  0.59  34.9  0.37  0.32  0.26  0.24 
6  2  3  0  1.22  35.1  0.95  0.34  0.68  0.63 
6  3    3  0    1.30  35.1  1.68  1.52  1.27        1.41 

"Dynatest  FWD" 

1  2  0  394  123  97  72   50  35   21  11 

1  4  0  900  890  236  178  125  86   57  26 

2  2  0  391  107  78  54   36  23   0  0 

2  4  0  896  257  195  137   92  62   0  0 

3  2  0  391  122  93  67   48  31   22  11 

3  4  0  392  237  223  165  116  73   54  27 

4  2  0  391  101  75  56   39  25   0  0 

4  4  0  394  241  181  137   96  64   0  0 

5  2  0  390  129  97  68   46  29   20  03 

5  4  0  890  307  231  168  112  73  51  27 
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6  2  0  386  139  104  79  52  36  0  0 
6  3  0  604  221  170  126  87  60  0  0 
6  4  0  883  325  250  187  131  90   0  0 
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"F.  1.19a.  w.  of  Akron  C/L  easterly  to  near  Fulton/Kosciusko  CL"   0.52 

"F.  0.15b.  e.  of  CR1000E  (1.4a.  ».  of  SR19)  easterly  (HBC   0.25 

1  12340  80   6  3.2   0.00   8.9  0.0  25.2  "S° 

"A-2-4"   0  "SR-SC"  115.8   9.6  28  20.0  13.6   6.4  2.63 

0  2.6  0 
2 

"0^-11-86-  110  1  1100  1130  73   0   0  53  51 
"Dynaflect" 

1  0  1.0  8  0.56  0.45  0.32  0.24  0.16 

2  0  1.0  8  0.76  0.60  0.42  0.31  0.21 

3  0  1.0  8  0.64  0.51  0.36  0.26  0.17 

4  0  1.0  3  0.90  0.71  0.50  0.36  0.23 
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"39°      69    "US"     421      2280  10.0       223    "S° 
"F.  Jefferson/Ripley  CL  to  US50"      12.59 

"F.  CR1050S  (0.6m.  n.  of  Jefferson/Ripley  CL)  northerly  (NB)a  0.25 

1     10479    76     10     1.4      0.00     11.0      0.0     17.5     "6" 

"A-6°        12    "CL"  101.3  24.3    12    3B.2    17.2    21.0    2.59 

60    3.6    0 
2 

"03-24-36"     1111    0350    0920      40        0        0    35    40 
"Dynaflect" 

1  0    1.0    3    0.56    0.44  0.34    0.27    0.17 

2  0    1.0    8    0.77    0.53  0.42    0.31    0.17 

3  0    1.0    3    0.37    0.66  0.47    0.33    0.19 

4  0     1.0    3    0.61     0.46  0.35    0.27    0.16 

5  0    1.0    8    0.74    0.57  0.42    0.31    0.18 

6  0     1.0    8    0.71     0.55  0.37    0.29    0.16 
"Road  Rater  400° 

112    0    0.63      25.0        0.60        0.97        0.43        1.77 

12  2    0    1.23      25.1        1.34        1.29        1.11        2.05 

13  2    0    1.82      25.1       4.50       5.13       3.90       3.70 
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2  12  0    0.62  25.1        0.35  0.73  0.72  0.23 

2  2    2  0    1.21  25.1        2.11  2.09  0.45  2.35 

2  3    2  0    1.73  25.1        6.60  6.55  5.58  4.54 

3  12  0  0.62  25.1  1.26  0.70  1.37  0.79 
3  2    2  0    1.23  25.1        2.51  1.95  1.37  1.59 

3  3    2  0     1.36  25.2        4.44  3.96  3.37  4.10 

4  12  0  0.63  25.1  0.34  0.51  0.65  1.49 
4  2    2  0     1.24  25.1        1.56  1.07  1.99  0.33 

4  3    2  0    1.35  25.2        2.67  2.32  2.25  1.52 

5  12  0  0.61  25.1  0.99  0.51  1.26  2.00 
5  2    2  0     1.22  25.1        2.02  1.13  1.64  0.62 

5  3    2  0    1.83  25.2        3.43  2.70  2.55  1.93 

6  110  0.59  15.1  1.37  2.69  1.65  3.36 
6  2  10  1.22  15.1  2.64  2.64  2.39  4.97 
6  12  0  0.60  25.0  1.07  0.30  1.50  1.79 
6  2  2  0  1.19  25.0  2.26  1.59  1.66  2.44 
6  3  2  0  1.83  25.1  3.58  3.14  2.64  3.07 
6  13  0  0.58  35.3  0.78  0.59  0.43  0.33 
6  13  0  0.36  35.3  2.03  1.72  3.59  14.99 
6  2    3  0    1.26  35.3       2.21  1.34  6.27  1.13 

"Road  Rater  2000° 

112  0  0.59  24.9   0.06  0.42  0.42  0.31 

12  2  0  1.22  24.9   0.12  1.02  0.32  0.74 

13  2  0  1.33  24.9   0.11  1.69  1.32  1.22 

14  2  0  2.40  24.9  0.10  2.40  1.92  1.74 
2  12  0  0.63  24.9  0.07  0.73  0.57  0.45 
2  2  2  0  1.20  24.9  0.14  1.61  1.28  1.03 
2  3  2  0  1.30  24.9   0.12  2.64  2.13  1.72 

2  4  2  0  2.41  24.9   0.12  3.73  3.02  2.45 

3  12  0  0.58  25.0  0.08  0.74  0.62  0.52 
3  2  2  0  1.22  25.0  0.12  1.72  1.38  1.20 
3  3  2  0  1.80  25.1   0.14  2.56  2.06  1.82 

3  4  2  0  2.43  25.1   0.13  3.57  2.32  2.46 

4  12  0  0.60  25.1  0.09  0.44  0.42  0.23 
4  2  2  0  1.19  25.0  0.13  0.96  0.38  0.62 
4  3  2  0  1.83  25.0   0.09  1.58  1.34  1.02 

4  4  2  0  2.40  25.1   0.13  2.22  1.75  1.41 

5  12  0  0.60  25.0  0.03  0.60  0.47  0.39 
5  2  2  0  1.17  25.0  0.17  1.27  0.99  0.33 
5  3  2  0  1.34  25.0   0.09  2.13  1.67  1.33 

5  4  2  0  2.41  25.1   0.13  2.98  2.32  1.96 

6  110  0.60  14.9  0.10  0.37  0.29  0.13 
6  2  10  1.19  14.9  0.17  0.82  0.61  0.40 
6  3  10  1.83  14.9  0.15  1.35  1.03  0.62 
6  4  10  2.39  14.9  0.12  1.94  1.48  0.97 
6  12  0  0.59  25.1  0.03  0.61  0.49  0.37 
6  2  2  0  1.19  25.0  0.15  1.37  1.12  0.37 
6  3  2  0  1.77  25.1  0.16  2.21  1.79  1.37 
6  4  2  0  2.41  4.6  0.10  3.20  2.59  1.95 
6  13  0  0.61  34.9  0.09  0.33  0.29  0.22 
6  2  3  0  1.23  34.9  0.12  0.81  0.62  0.48 
6  3  3  0  1.83  35.0  0.09  1.25  0.95  0.71 
6  4  3  0  2.44  35.0   0.10  1.71  1.29  0.93 

"Dynatest  FHD" 

1  2  0  474  157  123  103   76  57  0   0 

1  4  0  967  317  266  214  165  123  0   0 

2  2  0  442  226  181  130   94  61  0   0 

2  4  0  959  464  376  280  202  136  0   0 

3  2  0  440  271  204  146   95  65  0   0 

3  4  0  946  533  413  299  205  142  0   0 

4  2  0  443  179  147  106   80  54  0   0 

4  4  0  955  377  309  234  173  123  0   0 

5  2  0  433  223  176  127   90  59  0   0 

5  4  0  946  469  369  227  197  134  0   0 

6  1  0  217  107  83  58  43  23  0  0 
6  2  0  431  216  169  119  83  57  0  0 
6  3  0  699  340  270  194  137  93  0  0 
6  4  0  940  458  368  268  192  131  0   0 

1111  0330  0900  80   30   81  71  75 


"Dynaflect" 
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3  0  2.41   35.1   2.42   1.66   1.29   0.99 
3  0  3.60   35.1   4.05   £.73   2.07   1.55 
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■S10"  16  "SR"   46   2300  12.5   350  "S° 
°F.  Bartholosew/Decatur  CL  to  0.5b.  w.  of  3R3°   6.50 

nF.  CR600U  (l.lffl.  h.  of  SR3)  westerly  (HB)"   0.25 

1  12086  79   7  1.6   0.00  10.0  '0.0  14.4  "B" 

"A-7-6"  16  "CL"    102.3  22.0   7  46.3  19.3  27.0  2. 
70  2.3  0 
2 

"03-24-86"  10  11  1430  1500   78   0   0  62  35 
"Dynaflect" 

1  0  1.0  8  0.31  0.59  0.39  0.26  0.14 

2  0  1.0  3  0.79  0.57  0.36  0.24  0.13 

3  0  1.0  3  0.71  0.51  0.33  0.22  0.11 

4  0  1.0  8  0.76  0.55  0.36  0.24  0.13 

5  0  1.0  8  0.80  0.57  0.37  0.24  0.13 

6  0    1.0    8    0.79    0.57  0.37    0.24    0.12 
"Road  Rater  2000" 
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5    2    2    0 

1.17 

25.1 

0.18 

1.11 

0.37 

0.63 

5    3    2    0 

1.8* 

25.1 

0.13 

1.90 

l.*6 

1.05 

5*20 

2.*2 

25.1 

0.13 

2.66 

2.0* 

l.*6 

6     110 

0.61 

15.0 

0.11 

0.56 

0.50 

0.33 

6    2     10 

1.18 

15.0 

0.1* 

1.21 

1.02 

0.69 

0.25 
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6  3 

1 

0  1 

.78 

15.0 

0.15 

2.02 

1.68 

1.13 

6  4 

1 

0  2 

.41 

15.0 

0.13 

3.06 

2.43 

1.57 

6  1 

2 

0  0 

.53 

25.1 

0.09 

0.61 

0.58 

0.31 

6  2 

2 

0  1 

.21 

25.1 

0.15 

1  •  JJ 

1.20 

0.72 

6  3 

2 

0  1 

.83 

25.1 

0.13 

2.21 

1.79 

1.19 

6  4 

2 

0  2 

.42 

25.1 

0.13 

3.12 

2.51 

1.67 

6  1 

3 

0  0.62 

35.2 

0.03 

0.44 

0.35 

0.23 

6  2 

3 

0  1 

.20 

35.1 

0.14 

1.01 

0.77 

0.49 

6  3 

3 

0  1 

.84 

35.1 

0.13 

1.60 

1.25 

0.78 

£  4 

3 

0  2 

.39 

35.0 

0.11 

2.24 

1.70 

1.11 

"04-84-86" 

0  0 

0 

1  1000  103C 

74 

0 

0 

64  50 

'Dynates 

t  FUD" 

1  2 

0 

401 

401 

302 

196  122 

80 

0 

0 

1  4 

0 

850 

817 

630 

422  273 

173 

0 

0 

2  2 

0 

405 

334 

256 

166  105 

66 

0 

0 

2  4 

0 

364 

695 

543 

365  236 

148 

0 

0 

3  2 

0 

401 

369 

273 

167  102 

64 

0 

0 

3  4 

0 

356 

749 

566 

372  229 

147 

0 

0 

4  2 

{} 

399 

400 

275 

174  105 

64 

0 

0 

4  4 

6 

852 

318 

595 

337  241 

148 

0 

0 

5  2 

0 

397 

409 

271 

156   92 

59 

42 

25 

5  4 

0 

349 

813 

574 

352  217 

139 

96 

57 

£  i 

0 

159 

150 

103 

59   33 

21 

0 

0 

b    2 

0 

395 

428 

307 

187  112 

68 

0 

0 

6  3 

0 

621 

673 

495 

310  190 

113 

0 

0 

6  4 

0 

348 

904 

672 

433  264 

160 

0 

0 

'08-07-86° 

1  1 

1 

1  1520  1548 

104  102 

102 

31  72 

'Dynaflect" 

1  0 

i. 

0  8 

0.83 

0.63 

i  0.42  0 

.29  0. 

20 

2  0 

1. 

0  8 

0.75 

0.5' 

'  0.38  0.26  0. 

17 

3  0 

1. 

0  8 

0.79 

0.60 

1  0.40  0.27  0. 

17 

4  0 

1. 

0  8 

0.78 

0.5E 

i  0.39  0 

.27  0. 

18 

5  0 

1. 

0  8 

0.80 

0.57 

0.37  0 

.25  0. 

17 

6  0 

1. 

0  8 

0.36 

0.6f 

i  0.44  0.29  0. 

18 

'Road  Ra 

tar 

400" 

1  1 

2 

0  0.60 

25.1 

0.71 

0.50 

0.33 

0.27 

1  2 

2 

0  1 

.21 

25.1 

1.46 

1.05 

0.78 

0.60 

1  3 

2 

0  1 

.32 

25.1 

2.30 

2.03 

2.71 

1.05 

2  1 

2 

0  0 

.59 

25.0 

0.70 

0.74 

0.38 

0.27 

2  2 

2 

0  1 

.21 

25.0 

1.57 

0.72 

0.87 

0.66 

2  3 

2 

0  1 

.32 

25.1 

2.86 

2.27 

1.59 

1.17 

3  1 

2 

0  0.60 

25.0 

0.71 

0.55 

0.44 

0.29 

3  2 

2 

0  1 

.21 

25.0 

1.57 

1.25 

0.73 

0.64 

3  3 

2 

0  1 

.81 

25.1 

2.85 

1.33 

2.69 

1.07 

4  1 

2 

0  0.60 

25.0 

0.65 

0.44 

0.33 

0.23 

4  2 

2 

0  1 

.21 

25.0 

1.41 

1.15 

0.75 

0.55 

4  3 

2 

0  1 

.81 

25.1 

2.57 

1.77 

1.32 

0.95 

c   t 

2 

0  0.60 

25.0 

0.73 

0.49 

0.36 

0.26 

5  2 

2 

0  1 

.19 

25.0 

1.61 

1.12 

0.78 

0.60 

5  3 

2 

0  1 

.80 

25.1 

3.06 

2.22 

1.36 

1.05 

6  1 

1 

0  0.60 

15.1 

0.64 

0.50 

0.34 

0.23 

6  2 

1 

0  1 

.19 

15.1 

1.56 

1.15 

0.32 

0.55 

6  1 

2 

0  0.60 

25.0 

0.33 

0.57 

0.47 

0.36 

6  2 

2 

0  1 

.20 

25.0 

1.79 

1.42 

1.01 

0.30 

6  3 

2 

0  1 

.79 

25.0 

3.25 

2.51 

1.79 

1.36 

6  1 

3 

0  0 

.60 

35.0 

0.66 

0.97 

0.33 

0.22 

6  2 

3 

0  1 

.21 

34.9 

1.36 

1.42 

0.92 

0.64 

6  3 

3 

0  1 

;73 

35.1 

4.27 

4.15 

] 

14.84 

1.47 

'Road  Rater 

2000 

1  1 

2 

0  0 

.60 

25.2 

0.68 

0.47 

0.41 

0.27 

1  2 

2 

0  1 

.21 

25.2 

1.52 

1.04 

0.80 

0.56 

1  3 

2 

0  1 

.31 

25.2 

2.43 

1.67 

1.23 

0.35 

1  4 

2 

0  2.41 

25.2 

3.64 

2.45 

1.74 

1.21 

1  5 

2 

0  3.60 

25.2 

6.44 

4.28 

2.91 

1.96 

2  1 

2 

0  0.62 

25.2 

0.76 

0.49 

0.37 

0.30 

2  2 

2 

0  1 

.23 

25.2 

1.59 

1.05 

0.74 

0.62 

2  3 

2 

0  1 

.84 

25.2 

2.56 

1.65 

1.16 

0.93 

2  4 

2 

0  2 

.40 

25.2 

3.57 

2.33 

1.60 

1.27 

2  5 

2 

0  3 

.57 

25.1 

6.40 

4.01 

2.77 

2.02 

3  1 

2 

0  0.61 

25.2 

0.76 

0.47 

0.35 

0.28 
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s 

2 

0 

1.21 

25.2 

1.62 

1.00 

0.75 

0.57 

3 

3 

a 

0 

1.31 

25.2 
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1.64 
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0.87 
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J 

2 

0 

3.59 

25.2 

6.76 

4.22 

2.33 

2.02 

4 

1 

2 

0 

0.64 
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4 
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3.60 
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1.56 
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J 
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2 

0 

3.59 

25.1 
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4.12 

2.63 

1.32 
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0 

0.61 

15.0 

0.30 

0.50 

0.39 

0.26 

6 
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1 

0 
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1.12 

0.79 
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& 
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1.27 
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4 
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0 
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0 
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4.26 

2.73 
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6 

c 
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0 
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5.67 
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& 
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2 

0 

0,58 

25.1 

0.37 

0.57 

0.43 

0.36 

6 

2 

2 

0 

1.20 

25.1 
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1.27 

0.34 

0.73 

6 

3 
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0 

1.31 

25.1 

3.13 

2.10 

1.34 

1.12 

6 

4 

2 

0 

2.41 

25.1 

4.59 

3.02 

1.95 

1.57 

6 
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2 

0 

3.59 

25.1 

3.31 

5.40 

3.45 

2.58 

b 

1 

3 

0 

0.63 

35.0 

0.85 

0.50 

0.32 

0.24 

b 

2 

3 

0 

1.23 

35.1 

1.79 

1.07 

0.64 

0.49 

b 

3 

3 

0 

1.79 

35.1 

2.97 

1.76 

0.97 

0.78 

6 

4 

3 

0 

2.41 

35.1 

4.52 

2.68 

1.31 

1.14 

6 

J 

3 

0 

3.60 

35.1 

3.95 

4.87 

2.75 

1.93 

Dvnatest  FWD" 

1 

2 

0 

379 

312 

195 

116   77 

53 

39 

25 

1 

* 

0 

317 

654 

445 

273  179 

123 

90 

56 

E 

2 

0 

333 

301 

191 

114   73 

48 

0 

0 

2 

4 

0 

316 

631 

425 

269  171 

113 

0 

0 

3 

2 

0 

378 

319 

199 

117   75 

50 

39 

25 

3 

4 

0 

311 

664 

444 

280  174 

120 

86 

51 

4 

2 

0 

377 

313 

183 

103   72 

47 

0 

0 

4 

4 

0 

315 

661 

424 

260  169 

111 

0 

0 

5 

2 

0 

373 

363 

213 

120  71 

47 

36 

22 

B 
J 

4 

0 

301 

751 

480 

234  170 

110 

30 

47 

6 

1 

0 

0 

0 

0 

0   0 

0 

0 

0 

b 

2 

0 

371 

375 

250 

143   85 

54 

0 

0 

b 

3 

0 

582 

600 

420 

243  151 

92 

0 

0 

b 

4 

0 

797 

819 

578 

350  214 

131 

0 

0 

"S16"  55  "SR"  135   1610  11.0   177  °S° 
"F.  Brown/Morqan  CL  to  s.  Morqantown  C/L"   1.91 
"F.  O.Si.  s.  of  SR252W  southerly  (SB)"   0.25 
1  10963  77   9  1.8   0.00   6.2   0.0   8.6  °G' 
"A-6"    7  "CL"    107.3  19.9  10  29.4  14.8 
70  5.0  0 


14.6 


"03-25-86"  1 
"Dynaflect" 


1  0  1  1510  1635   93 


1 

2 
3 
4 

c 
J 

6 

"Road 

1 

1 
1 
2 
2 


1.23 
1.11 
1.21 
1.12 
1.15 
1.23 


Rater  400" 

1  2  0  0.64 

2  2  0 

3  2  0 

1  2  0 

2  2  0 


1.25 
1.89 
0.60 
1.21 


0.89 
0.79 
0.87 
0.31 
0.79 
0.89 

25.3 
25.3 
25.4 
24.9 
24.9 


0.75 
0.68 
0.71 
0.65 
0.52 
0.59 

0.94 
1.91 
3.99 
0.76 
1.71 


0.40 
0.35 
0.37 
0.37 
0.36 
0.41 


0.25 
0.23 
0.23 
0.24 
0.24 
0.27 


0.74 
1.46 
3.29 
0.56 
1.92 


0.48 
0.96 
2.03 
1.36 
2.93 


0.33 
0.71 
1.22 
0.20 
0.46 
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2  3    2    0    1.32  24.9       3.66  S.51  1.62       0.9<t 

3  12  0  0.59  24.9  0.36  0.55  1.34  0.20 
3    2    2    0     1.22  24.9        1.36  1.93  2.99        0.35 

3  3    2    0    1.30  24.9        2.49  3.09  1.70       0.99 

4  12  0  0.53  24.9  0.70  0.47  0.31  0.13 
4    2    2    0    1.20  24.9        1.56  1.40  0.63        0.41 

4  3    2    0    1.77  24.9        3.41  2.46  1.57        0.91 

5  12  0  0.60  24.9  0.77  0.53  0.34  0.23 
5    2    2    0    1.20  24.9        1.30  1.23  0.74        0.49 

5  3    2    0    1.32  24.9       4.31  3.05  1.54       1.59 

6  110  0.61  15.0  0.76  0.57  0.37  0.27 
6  2  10  1.23  15.0  1.80  1.31  0.33  0.60 
6  12  0  0.61  25.0  0.77  0.58  0.36  0.20 
6  2  2  0  1.24  25.1  1.82  1.29  0.84  0.25 
6  3  2  0  1.32  25.1  4.18  3.03  1.80  1.08 
6  13  0  0.53  35.0  0.64  0.49  0.25  0.14 
6  2  3  0  1.27  35.1  4.92  3.77  6.50  5.74 
6    3    3    0    1.49  35.0       6.23  4.33  4.38       5.30 

"Dynatest  FWD" 

1  2  0  407  364  250  147   86  51  0   0 

1  4  0  380  787  551  338  204  128  0   0 

2  2  0  417  373  229  131   73  45  0   0 

2  4  0  339  774  501  293  171  105  0   0 

3  2  0  411  360  243  135  77  48  0   0 

3  4  0  833  759  529  308  178  112  0   0 

4  2  0  410  326  213  123   67  43  0   0 

4  4  0  903  704  481  285  167  108  0   0 

5  2  0  409  398  237  124   72  42  0   0 

5  4  0  905  730  492  284  166  106  0   0 

6  1  0  198  164  100  55  33  23  0  0 
6  2  0  408  331  246  135  81  52  0  0 
6  3  0  635  567  373  219  123  84  0  0 
6  4  0  885  771  522  306  134  118  0   0 

"08-11-36'  1111  1340  1510  100  103   93  72  71 
"Dvnaflect" 

1  0    1.0    3    0.99  0.72    0.44    0.23    0.20 

2  0    1.0    8    0.82  0.60    0.37    0.25    0.17 

3  0    1.0    8    0.86  0.61    0.38    0.26    0.18 

4  0    1.0    3    0.75  0.56    0.37    0.26    0.19 

5  0    1.0    8    0.38  0.64    0.40    0.23    0.21 

6  0    1.0    3    0.96  0.70    0.44    0.31    0.23 
"Road  Rater  400" 

112    0    0.60  25.0       0.68  0.81  0.29       0.21 

12  2    0    1.26  25.0        1.71  2.09  0.74       0.55 

13  2  0  1.36  25.1  2.90  3.50  1.33  0.37 
2  12  0  0.60  25.0  0.54  0.69  0.33  0.17 
2    2    2    0    1.20  25.0        1.48  1.30  0.63       0.46 

2  3    2    0    1.81  25.1        2.49  3.02  1.17       0.75 

3  12  0  0.53  25.0  0.51  0.63  0.31  0.17 
3    a    2    0    1.22  25.0        1.33  1.77  0.32       0.47 

3  3    2    0    1.36  25.1        2.46  3.20  1.42       0.79 

4  12  0  0.59  25.0  0.49  0.54  0.26  0.14 
4    2    2    0    1.23  25.1        1.30  1.49  0.72       0.42 

4  3    2    0    1.37  25.1        2.06  2.65  1.26       0.73 

5  12  0  0.59  25.0  0.55  0.68  0.32  0.19 
5    2    2    0    1.20  25.0        1.43  1.91  0.39       0.55 

5  3    2    0    1.84  25.1        4.16  3.80  1.66       0.99 

6  110  0.61  15.2  0.75  0.82  0.41  0.26 
6  2  10  1.29  15.3  1.87  2.19  1.07  0.63 
6  12  0  0.60  24.9  0.75  0.80  0.34  0.22 
6  2  2  0  1.21  24.9  1.77  2.22  0.94  0.61 
6  3  2  0  1.80  24.9  3.32  4.45  1.83  1.10 
6  13  0  0.59  34.8  0.47  0.78  0.13  0.21 
6    2    3    0    1.07  34.3       3.44  4.91  1.68       1.32 

"Road  Rater  2000° 

112    0    0.59  25.0       0.87  0.47  0.30       0.18 

12  2    0    1.20  25.0       1.93  1.06  0.66       0.39 

13  2    0    1.30  25.0       3.12  1.72  1.09       0.62 

14  2    0    2.39  25.0       4.44  2.46  1.53       0.35 

15  2    0    3.60  25.0       7.47  4.21  2.52        1.39 
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0.58 
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0.65 

0.33 

0.21 

0.14 

4 

2 

2 

0 

1.24 
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0.76 

0.45 

0.31 

4 

3 

2 

0 

1.32 

25.0 

2.33 

1.21 

0.72 

0.46 

4 

4 

2 

0 

2.42 

25.0 

3.34 

1.76 

1.03 

0.65 

4 
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J 

2 

0 

3.58 

25.0 

5.58 

2.96 

1.64 

1.04 

B 
J 

i 

2 

0 

0.62 

25.1 

0.78 

0.45 

0.29 

0.19 

5 

2 

2 

0 

1.24 

25.0 

1.74 

1.00 

0.65 

0.40 

c 
J 

3 

2 

0 

1.34 
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1   9059  73  13  2.8   0.00   3.3  0.0   4.3  "B" 

"A-4"    1  "SC"    113.1  10.6  16  23.8  15.6   3.2  2.71 
52  2.7  0 
3 

"03-19-36"  1  1  0  0  1145  1300  42   0   0  44  46 
"Dynaflect" 

1  0    1.0    3    0.31    0.67    0.51  0.40    0.26 

2  0    1.0    8    0.60    0.48    0.33  0.30    0.13 

3  0    1.0    3    0.66    0.54    0.42  0.33    0.21 

4  0    1.0    8    0.65    0.53    0.43  0.36    0.23 

5  0    1.0    3    0.72    0.60    0.50  0.40    0.29 

6  0    1.0    8    0.61     0.48    0.39  0.30    0.20 
"Road  Rater  400" 
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2  3    2    0    1.35      25.2        1.36  0.96        1.67       0.63 
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6  3  2  0  1.37  25.1  1.30  1.08  0.81  1.04 
6  13  0  0.66  35.3  0.71  0.48  0.41  0.20 
6  2  3  0  1.13  35.3  0.85  0.65  0.50  0.33 
6    3    3    0    1.72      35.3        1.17  1.08       0.85        1.37 

"04-22-86"  0  0  0  1  1000  1030  50   0   0  40  53 
"Dynatest  FWD3 

1  2  0  433  167  145  115   39  64   0   0 

1  4  0  916  365  322  259  201  147   0   0 

2  2  0  431  139  113   95   68  49   0   0 

2  4  0  915  318  267  218  161  114   0   0 
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4  2  0  424  135  116   93   68  49   0   0 

4  4  0  909  309  267  214  161  117   0   0 

5  2  0  422  146  129  103   79  57   41   19 

5  4  0  905  333  294  240  185  134   97   48 

6  1  0  139   59   48   34   26  17   0   0 
6  2  0  418  137  113   89   63  45   0   0 
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"Road  Rater  2000" 
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1 

2 

0  0.59 

25.1 

0.80 

0.58 

0.42 

0.30 
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0  1.20 
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1.37 

0.97 
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6  2  0  379  2H0  111  101  67  46  0  0 
6  3  0  598  337  170  159  110  73  0  0 
6  4  0  337  456  213  220  151  103   0   0 


"V9"   87  "  I"   64   7910  37.0   2927  "S° 
"F.  SR61  to  Warrick/Spencer  CL"   14.53 
"Beta.  MP  47S.48,  about  3.0a.  e.  of  SR61  (EB)"   0.25 
1   9531  75  11  3.0   0.00  13.0   0.0   0.0  "N» 
"A-7-6"  13  "CI"    115.2  16.8   9  41.5  19.9  21.6  2. 
58  3.2  0 
4 

"03-18-36°  1  0  0  0  1115  1145   75   0   0  62  52 
"Dvnaflect" 

1  0  1.0  3  0.39  0.30  0.23  0.21  0.14 

2  0  1.0  3  0.35  0.27  0.23  0.21  0.14. 

3  0  1.0  3  0.37  0.29  0.25  0.23  0.16 

4  0  1.0  8  0.39  0.31  0.26  0.24  0.17 

5  0  1.0  3  0.38  0.30  0.25  0.24  0.18 

6  0  1.0  3  0.36  0.29  0.25  0.24  0.18 

"04-1 3-36 '    0    1    0    1     1300    1330      87       0       0    70    47 
"Road  Rater  400" 

112    0    0.61      25.1        0.22       0.95       0.13       0.63 

12  2    0    1.24      25.1        0.47        1.63       0.34       0.84 

13  2  0  1.33  25.2  0.71  2.34  0.56  2.24 
2  12  0  0.62  25.4  0.22  0.11  0.12  0.10 
2    2    2    0    1.21      24.9       0.46       0.26       0.30       0.24 

2  3    2    0    1.77      25.0       0.75       0.40       0.47       0.46 

3  12  0  0.60  25.3  0.22  0.18  0.16  0.11 
3    2    2    0    1.25      25.4       0.4.8       0.43       0.37       0.28 

3  3    2    0    1.87      25.4       0.73       0.72       0.62       0.50 

4  12  0  0.61  25.2  0.19  0.20  0.11  0.05 
4    2    2    0    1.24      25.2       0.43        1.77       0.30       0.21 

4  3    2    0    1.85      25.2       0.68       2.45       0.50       0.37 

5  12  0  0.60  25.1  0.13  0.13  0.09  0.50 
5    2    2    0    1.24      25.2       0.35       0.29       0.23       1.33 

5  3    2    0    1.83      25.2       0.56       0.39       0.41        1.15 

6  110  0.63  15.2  0.22  0.17  0.15  0.09 
6  2  10  1.25  15.3  0.44  0.34  0.20  0.23 
6  12  0  0.62  25.3  0.17  0.09  0.10  0.06 
6  2  2  0  1.25  25.3  0.36  1.66  0.24  0.13 
6  3  2  0  1.85  25.3  0.57  1.39  1.08  0.34 
6  13  0  0.58  35.4  0.13  0.09  0.05  0.06 
6  2  3  0  1.20  35.4  0.34  0.29  0.13  0.16 
6    3    3    0    1.34      35.4       0.65       0.56       0.39       0.37 

"Dvnatest  FWD" 
'1    2    0    390      74      60      47      36      28       0       0 

1  4    0    851    161    129    102      80      62       0       0 

2  2    0    336      89      70      54      38      31        0       0 

2  4  0  825  190  151  116   37   68   0   0 

3  2  0  385  77   63   52   43   32   0   0 

3  4  0  327  167  136  113  92   71   0   0 

4  2  0  385   76   59   49   39   29   0   0 

4  4  0  825  161  130  109   37   66   0   0 

5  2  0  332   63   51   45   37   30   25   17 

5  4  0  821  134  112   98  81   65   53   33 
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'3  1526 

39 

<t3 

45  53 

29 

Dvnatest  FHD" 

'1  2 

0 

415 

47 

42 

37 

31 

25 

25 

15 

1  4 

0 

899 

113 

100 

86 

74 

61 

JJ 

34 

2  2 

0 

417 

55 

51 

46 

37 

31 

0 

0 

2  4 

o 

385 

130 

118 

109 

88 

74 

0 

0 

3  2 

0 

419 

44 

40 

nn 
3/ 

32 

25 

25 

13 

3  * 

0 

377 

103 

91 

80 

68 

59 

51 

34 

*  2 

0 

417 

46 

42 

42 

31 

23 

0 

0 

4  4 

0 

370 

98 

92 

92 

63 

61 

0 

0 

5  2 

0 

.16 

43 

41 

30 

24 

23 

i  n, 
10 

5  4 

0 

353 

96 

86 

73 

65 

57 

48 

35 

6  1 

0 

0 

0 

o 

(1 

0 

0 

0 

0 

6  2 

0 

416 

46 

49 

43 

29 

26 

0 

0 

6  3 

0 

634 

77 

73 

64 

51 

44 

0 

0 

6  4 

o 

865 

105 

94 

34 

69 

61 

0 

0 
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APPENDIX  D  -  CONDITION  SURVEY  FORMS 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH 
DATE  _ 


A^^      \t ,     \c\'6\> 


SECTION 

SAMPLE  UNIT 


£-' 


SURVEYED 

RY 

AREA  OF  SAMPLE 

Distress  Types 

/.  Alligator  Cracking      *IO.  Long  Q  Trans  Cracking 

2.  Bleeding                          II.  Patching  &  Util  Cut  Patching 

3.  Block  Cracking              12.  Polished  Aggregate 
*4.  Bumps  and  Sags        *I3.  Potholes 

5.  Corrugation                  14.  Railroad  Crossing 

6.  Depression                     15.  Rutting 
*7.  Edge  Cracking               16.  Shoving 

*  8.  Jt  Reflection  Cracking    17.  Slippage  Cracking 

*  9.  Lane/Shldr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

sketch: 

*3       , -r 

iz' 

n 

EXISTING  DISTRESS  TYPES 

to 

(,  =  <_ 

15  =  <- 

Z£  =  <- 

u£  L 

±\ 

18* 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SE  VERITY 

DEDUCT 
VALUE 

PCI  =  100- CDV  = 
RATING  = 

IO 

"Z-4 

L 

L> 

DEDUCT  TOTAL 

U 

CORRECTED  DEDUCT  VALUE  (CDV) 

L 

*  All  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  In  Linear  Ft ;  Distress  13  Is  Measured  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH 
DATE  __ 


LL± 


Ave,  2£>     S& 


SURVEYED  RY       ^SAJcty 


SECTION        EJ3. 

SAMPLE  UNIT 

AREA  OF  SAMPLE 


Distress  Types 

sketch: 

/.  Alligator  Cracking       */0.   Long  3  Trans  Cracking 

2.  Bleeding                          //.  Patching  3  Util  Cut  Patching 

3.  Block  Cracking              12.  Polished  Aggregate 

2e 

T 

*4.  Bumps  and  Sags        *I3.  Potholes 

*4~ 

5.  Corrugation                  14.  Railroad  Crossing 

13a' 

6.  Depression                    15.  Rutting 

*7.  Edge  Cracking              16.  Shoving 

*  3.  Jt  Reflection  Cracking    17.  Slippage  Cracking 

#■3 

X 

*  9.  Lane/Shldr  Drop  Off    18.  Swell 

tt 

19.  Weathering  and  Raveling 

n 

EXISTING  DISTRESS  TYPES 

1 

10 

'«? 

i-l 

q'=j- 

qr!-L- 

/'ICC-i- 

L'=M 

72'- i 

l<=/=tA 

UJ  =  L. 

73'=  JL 

9.-1 -L. 

w£  L 

1 

Z73 

lOO 

l§* 

;zy 

^£  H 

PCI  CALCULATION 

DISTRESS 

DEDUCT 

TYPE 

DENSITY 

SEVERITY 

VALUE 

PCI  =  100- CDV  : 

1 

o.u> 

L 

3 

\o 

)1,5 

L 

ZZ 

\Q 

1-3 

n 

IO 

u4- 

1$ 

C„.+ 

L. 

•zz 

RATING  = 

DEDUCT  TOTAL 

s& 

CORRECTED  DEDUCT  VALUE  (CDV) 

3  fe 

#  All  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  In  Linear  Ft;  Distress  13  Is  Measured  in 
Number  of  Potholes. 


250 


FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH 
DATE  __ 


05  2.1 


BlzAlxt- 


SECTION 
SAMPLE  UNIT 


F-I4- 


SURVEYED RY     VaHx.*{                            ARFA   OF  SAb 

API  F 

Distress  Types 

sketch: 

/.  Alligator  Cracking       *I0.   Long  3  Trans  Cracking 

2.  Bleeding                          II.  Patching  a  Util  Cut  Patching 

1 

3.  Block  Cracking               12.  Polished  Aggregate 

*4.  Bumps  and  Sags           13.  Potholes 

5.  Corrugation                  14.  Railroad  Crossing 

\-W 

6.  Depression                     15.  Rutting 

*7.  Edge  Cracking               16.  Shoving 

*  8.  Jt  Reflection  Cracking    17.  Slippage  Cracking 

=^3  i_ —  -. 
¥ — * 

*9.  Lane/Shldr  Drop  Off    18.  Swell 

12,' 

19.  Weathering  and  Raveling 

H 

m 

EXISTING  DISTRESS  TYPES 

2 

/o 

S6S& 

7<?«£. 

LZm~    M 

<&*u 

,_Lri.=  .f  ,. 

44-=  L 

g?«M 

&0  -L. 

2/  *M 

-,£  LJ 

SI 

Z35- 

11  M 

^Z 

-%  H 

PCI  CALCULATION 

DISTRESS 

DEDUCT 

TYPE 

DENSITY 

SE  VERITY 

VALUE 

1 

Z-°j 

L 

S 

1 

sr.*> 

M 

/<? 

PCI  =  100- CDV  = 

IO 

Z3-6 

L. 

19 

RATING  - 

DEDUCT  TOTAL 

4-5 

CORRECTED  DEDUCT  VALUE  (CDV) 

32. 

#  All  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  In  Linear  Ft ;  Distress  13  Is  Measurea  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH 
DATE  _ 


US 


33 


A^      Z"7. 


!<<3fc> 


SECTION 

SAMPLE  UNIT 


F-15 


SURVEYED 

BY 

/-I 

MDL" 

I 

\REA  OF  SAf 

vIPLE 

Distress  Types 

/.  Alligator  Cracking      *IO.  Lang  3  Trans  Cracking 

2.  Bleeding                          ll.  Patching  8  Util  Cut  Patching 

3.  Block  Cracking               12.  Polished  Aggregate 
*4.  Bumps  and  Sags        *I3.  Potholes 

5.  Corrugat  ion                   14.  Railroad  Crossing 

6.  Depression                     15.  Rutting 
*7.  Edge  Cracking               16.  Shoving 

*  8.  Jt  Reflection  Cracking    17.  Slippage  Cracking 
*9.  Lane/Shidr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

sketch: 

w 

EXISTING  DISTRESS  TYPES 

J&  L 

\%M 

^  H 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

PCI  =100 -CDV  : 

RATING  - 

DEDUCT  TOTAL 

CORRECTED  DEDUCT  VALUE  (CDV) 

*  All  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  In  Linear  Ft ;  Distress  13  Is  Measured  in 
Number  of  Potholes. 


AUU  &£C/\rC  i^AL  P-£cftKJTLl  P^R.<fto|L/in£(> 


DO 


MJT 


V 


TH/  J 


f^P-iv\ 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH 
DATE  _ 


l\4 


&lMl£k 


SECTION 
SAMPLE  UNIT 


F-lto 


SURVEYED 

qy      ISN&LY 

AREA  OF  SAMPLE 

Distress  Types 

sketch: 

/.  Alligator  Cracking      *10.  Long  3  Trans  Cracking 

2.  Bleeding                          II.  Patching  3  Util  Cut  Patching 

*5 

' 

3.  Block  Cracking              12.  Polished  Aggregate 

*4.  Bumps  and  Sags         *I3.  Potholes 

|i7' 

5.  Corrugation                   14.  Railroad  Crossing 

6.  Depression                     15.  Rutting 

*7.  Edge  Cracking              16.  Shoving 

-f^j 

_L 

*  8.  Jt  Reflection  Cracking    17.  Slippage  Cracking 

'* 71 

*9.  Lane/Shldr  Drop  Off    18.  Swell 

12 

19.  Weathering  and  Raveling 

w 

EXISTING  DISTRESS  TYPES 

1  0 

/-5 

Q 

nr-t. 

l/7-l.5'=t- 

/CO'=  i- 

4ffb 

m*  i,s'--m 

m 

*§L 

fZi 

/TfiT-Sr 

IOO 

IS* 

4? 

ns-.s 

-a  h 

PCI  CALCULATION 

DISTRESS 

DEDUCT 

TYPE 

DENSITY 

SEVERITY 

VALUE 

1 

7.1 

L 

<t 

lo 

S.G 

L 

15 

PCI  =100 -CDV  = 

10 

5.1 

ft 

n 

3f? 

f5 

12-5 

L 

■zi 

i'o 

J  2.  5 

M 

4-1 

RATING  ' 

DEDUCT  TOTAL 

111 

CORRECTED  DEDUCT  VALUE  (CDV) 

Ct\ 

*  All  Distresses  Are  Measured  In  Sauare  Feet  Except  Distresses  4,7,3,9 
and  10  Which  Are  Measured  in  Linear  Ft ;  Distress  13  is  Measured  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH 
DATE  _ 


\J  > 


Zl 


Au« 


Z*        ll^fc 


SURVEYED  BY. 


LiivIOlI 


SECTION  ?-\l 

SAMPLE  UNIT 

AREA  OF  SAMPLE 


Distress  Types 

mIO.  Long BTrans  Cracking 

II.  Patching  8  Util  Cut  Patching 

12.  Polished  Aggregate 

*/3.  Potholes 

14.  Railroad  Crossing 

15.  Rutting 

16.  Shoving 

*  8.  Jt  Reflection  Cracking    17.  Slippage  Cracking 

*  9.  Lane/Shidr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 


1.  Alligator  Cracking 

2.  Bleeding 

3.  Block  Cracking 
*4.  Bumps  and  Sags 

5.  Corrugation 

6.  Depression 
*7.  Edge  Cracking 


SKETCH, 


^ 


r 


in 


T 


PCI  CALCULATION 


DISTRESS 
TYPE 


|Q 


lo 


DENSITY 


jO.'i 


l.Q 


SEVERITY 


l*A 


DEDUCT  TOTAL 


CORRECTED  DEDUCT  VALUE  (CDV) 


DEDUCT 
VALUE 


13 


Z7 


ZO 


PCI  =100  -CDV 


So 


RATING 


*  All  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,9,9 
and  10  Which  Are  Measured  in  Linear  Ft ;  Distress  13  Is  Measured  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH 
DATE  __ 


U5 


F-18 


Av 


Z5       11^ 


SURVEYEDRY         Lis>pl1 


SECTION 

SAMPLE  UNIT 


AREA  OF  SAMPLE 


1.  Al 

Ugato 

r  Crack 

Distress  Types 

mg       *IO.   Long  &  Trans 

Cracki 

"9 

sketch: 

2.  Bleeding                          //.  Patching  Q  Util  Cut  Patching 

3.  Block  Cracking               12.  Polished  Aggregate 
*4.  Bumps  and  Sags         */J.  Potholes 

5.  Corrugation                  14.  Railroad  Crossing 

6.  Depression                     15.  Rutting 
*7.  Edge  Cracking              16.  Shoving 

*S.  Jt  Reflection  Cracking    17.  Slippage  Cracking 
*  9.  Lane/Shldr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

\r 

m 

EXISTING  DISTRESS  TYPES 

"I 

11 

IO 

1  5 

\±\~L- 

Kl*a=L 

•Zd^=N\ 

ZkUI4t  -  LI 

-ru^c 

?3   -<_ 

-j£  *. 

K( 

Ut* 

|o<\ 

ZtJZ. 

IS" 

Zijt. 

"&  H 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

PCI  -/oo-cov=    . 

44- 

RATING  = 

~l 

a.  3 

L. 

IO 

\~L- 

bio  .  ^ 

L 

l  + 

IO 

b.^t- 

L. 

13 

IO 

lb-1 

N 

3  7 

15 

iU-1 

t_ 

33 

DEDUCT  TOTAL 

|Ol 

CORRECTED  DEDUCT  VALUE  (CDV) 

SKo 

*  4//  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,3,9 
and  10  Which  Are  Measured  in  Linear  Ft;  Distress  13  Is  Measured  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH 
DATE  _ 


Se/ 


F-/9 


3-/Z3/3>(o 


SUR  VEYED  BY    JJN&LJ 


SECTION  _ 

SAMPLE  UNIT  „ 

AREA  OF  SAMPLE 


Distress  Types 

sketch: 

/.  Alligator  Cracking      *IO.  Lang  &  Trans  Cracking 

Z  Bleeding                         u.  Patching  QUtil  Cut  Patching 

3.  Black  Cracking              12.  Polished  Aggregate 

*4.  Bumps  and  Sags         *I3.  Potholes 

S.  Corrugation                   14.  Railroad  Crossing 

6.  Depression                     15.  Rutting 

*7.  Edge  Cracking              16.  Shoving 

* 8.  Jt  Reflection  Cracking    17.  Slippage  Cracking 

*9.  Lane/Shldr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

w 

EXISTI 

NG  DISTREL 

>S  TYPES 

I ' — " 

M 

. 





,.£  L 

II  M 

^  H 

PCI  CALCULATION 

DISTRESS 

DEDUCT 

TYPE 

DENSITY 

SEVERITY 

VALUE 

PCI  =  100-  CDV  = 

RATING  - 

DEDUCT  TOTAL 

CORRECTED  DEDUCT  VALUE  (CDV) 

*  All  Distresses  Are  Measured  in  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  In  Linear  Ft ;  Distress  13  Is  Measured  in 
NumPer  of  Potholes. 


TX>  MOT  ifcSE  iy/t>  fSQgy\ 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH  . 

SR. 

9 

HATF 

se.p 

4 

9^ 

SURVEYED  BY 

Li 

No 

U*f 

L-io 


SECTION 

SAMPLE  UNIT 

AREA  OF  SAMPLE 


1.  Al 

iigato 

r  Croc* 

Distress  Types 
;'ng      */0.  Lang  3  Trans  Cracking 

sketch: 

*-4 

&  Bleeaing                           n.  raicning  a  urn  lut  raicning 
3.  Block  Cracking              12.  Polished  Aggregate 
*4.  Bumps  and  Sags         *I3.  Potholes 

5.  Corrugation                  14.  Railroad  Crossing 

6.  Depression                     15.  Rutting 
*7.  Edge  Cracking              16.  Shoving 

*  3.  Jt  Reflection  Cracking    17.  Slippage  Cracking 

*  9.  Lane/Shldr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

*T 

1 

i2c' 

I, 

""i 

1          A 

13 

w 

EXISTING  DISTRESS  TYPES 

IO 

•2- 

II 

i5 

1*C 

7,.lZ.O=M 

l.»*iZ.a-sL 

l».3s 

-L 

4  ^M 

^jUJ 

3    =jwy 

-n  =  L 

1.53  M 

Ja -M 

31  L 

eu 

iSo 

UO 

Slw 

4 

&4-0 

Z.10 

^£  H 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

PCI  =  ioo-cdv  = 

\o 

5".  5 

L 

\Z. 

LQ 

O.  ila 

M 

z. 

Z. 

5  J--3 

M 

-z-1 

\\ 

il.  5 

L 

h 

15 

3.S 

<_ 

i«a 

15 

•  4.1 

M 

*1 

DEDUCT  TOTAL 

IZ1 

CORRECTED  DEDUCT  VALUE  (CDV) 

(0(0 

#4//  Distresses  Are  Measured  in  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  In  Linear  Ft;  Distress  13  Is  Measured  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH       S^g 
DATE        SEf^r.^ 


L-U 


<g£ 


SECTION 
SAMPLE  UNIT 


SURVEYED RY     LINDLY                      ,      AREA   OF  SAMPLE 

Distress  Types 

/.  Alligator  Cracking      *\Q.  Lang  3  Trans  Cracking 
2  Bleeding                          II.  Patching  BUtil  Cut  Patching 
3.  Black  Cracking               12.  Polished  Aggregate 
*4.  Bumps  and  Sags        */J.  Potholes 

5.  Corrugation                  14.  Railroad  Crossing 

6.  Depression                     15.  Rutting 
m7  Edge  Cracking               16.  Shoving 

* 8  Jt  Reflection  Cracking    IT.  Slippage  Cracking 
*9.  Lane/Shldr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

SKETCH! 

w 

EXISTING  DISTRESS  TYPES 

31  ~ 

||  M 

w*  H 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

PCI  =  100-  CDV  - 

RATING  - 

DEDUCT  TOTAL 

CORRECTED  DEDUCT  VALUE  (CDV) 

*  All  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  in  Linear  Ft;  Distress  13  Is  Measurea  in 
Number  of  Potholes. 


CO    UcrT    USE    TH/S  FbfZtA. 


258 


FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH  . 

i»i 

A 

rZ-  1 

DATE 

S£P 

-V 

l^^Vo 

SURVEYED  BY 

L  imolT 

L-li 


SECTION 

SAMPLE  UNIT 

AREA  OF  SAMPLE 


Distress  Types 


/.  Alligator  Cracking 

2.  Bleeding 

3.  Block  Cracking 
*4.  Bumps  and  Sags 

5.  Corrugation 

6.  Depression 
*7.  Edge  Cracking 
*  3.  Jt  Reflection  Cracking 
*9.  Lane/Shldr  Drop  Off 


*IO. 

II. 

12. 
*I3. 

14 

15. 

16. 

17. 

18. 

19. 


Long  3  Trans  Cracking 

Patching  S  Util  Cut  Patching 

Polished  Aggregate 

Potholes 

Railroad  Crossing 

Rutting 

Shoving 

Slippage  Cracking 

Swell 

Weathering  and  Raveling 


sketch: 


ill 


J, =+- 

14' 


EXISTING  DISTRESS  TYPES 


IO 


_22_Lk. 


S<\  =L 


34  =L 


15 


l± 


"Si  H 


PCI  CALCULATION 


DISTRESS 
TYPE 


to 


DENSITY 


1. 


_L_L 


SEVERITY 


DEDUCT  TOTAL 


CORRECTED  DEDUCT  VALUE  (CDV) 


DEDUCT 
VALUE 


\\ 


PCI  -  100-  CDV  = 


Si 


RATING 


*  All  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,3,9 
and  10  Which  Are  Measured  In  Linear  Ft ;  Distress  13  Is  Measurea  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH 
DATE  _ 


\4 


L-13 


3/Z6/3Q> 


SUR  VEYED  RY     UNQl.  V 


SECTION 
SAMPLE  UNIT 


AREA  OF  SAMPLE 


Distress  Types 

/.  Alligator  Cracking       *IO.   Long  3  Trans  Cracking 

2.  Bleeding                          ll.  Patching  3  Util  Cut  Patching 

3.  Block  Cracking              12.  Polished  Aggregate 
*4.  Bumps  and  Sags        *I3.  Potholes 

5.  Corrugat  ion                   14.  Railroad  Crossing 

6.  Depression                     15.  Rutting 
*7.  Edge  Cracking              16.  Shoving 

*  8.  Jt  Reflection  Cracking    17.  Slippage  Cracking 
*9.  Lane/Shldr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

sketch: 

H 

EXISTING  DISTRESS  TYPES 

jg  L 

11  M 

<0   n 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

PCI  - 100-  CDV  = 

RATING  = 

DEDUCT  TOTAL 

CORRECTED  DEDUCT  VALUE  (CDV) 

#  All  Distresses  Are  Measured  In  Sguare  Feet  Except  Distresses  4,7,3,9 
and  10  Which  Are  Measured  In  Linear  Ft ;  Distress  13  Is  Measurea  in 
Number  of  Potholes. 


ro  NOT  OSB-  -7~H  IS    fZXZJ^ . 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH  __U5_!2J_ 
DATE  Sept.  s'  "gfo 


L-H 


SECTION 
SAMPLE  UNIT 


SURVEYED RY      L/tOPLX                          ARFA   OF  SAl\ 

API  E  _ 

Distress  Types 

•  /.  Alligator  Cracking      *IO.  Long  S  Trans  Cracking 

2.  Bleeding                         ll.  Patching  &  Util  Cut  Patching 

3.  Block  Cracking              12.  Polished  Aggregate 
*4.  Bumps  and  Sags         Ml3.  Potholes 

5.  Corrugation                  14.  Railroad  Crossing 

6.  Depression                     15.  Rutting 
*7.  Edge  Cracking              16.  Shoving 

*  3.  Jt  Reflection  Cracking    17.  Slippage  Cracking 
*9.  Lane/Shldr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

sketch: 

j*5  j 

*4' 

r — i 
JZ 

i 

! 

■J* 

r 

r 

w 

EXISTING  DISTRESS  TYPES 

1 

iO 

1 

K 

H 

53  ~L 

1)1-  L 

\UUZ-L 

lS-xiefzL 

\'  r.  )Ci'=L 

sj  */. 

lPk**L 

in  si. 

7_S*(- 

ali- 

'59 

£<?o 

13 

I4CZ5 

ICO 

oi^- 

-&  H 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

PCI  =  100-  CDV  = 

7 

r-a 

L. 

5" 

10 

ZO-0 

L 

Z4 

1 

hi. 

L 

1* 

52 

)S 

>0.4 

L. 

ZS 

n 

1.1 

U 

■4- 

RATING  = 

DEDUCT  TOTAL 

TS 

CORRECTED  DEDUCT  VALUE  (CDV) 

-ffi 

*  All  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  In  Linear  Ft ;  Distress  13  Is  Measured  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH  SE-       IP 

DATE  *g?     5       l^b 


_     SECTION 


L-15 


SAMPLE  UNIT 


SURVEYEDRY                LiinIOLI           AREA   HF  SAMPLE 

Distress  Types 

■  /.  Alligator  Cracking       *IO.   Long  8  Trans  Cracking 

2.  Bleeding                         n.  Patching  8  Util  Cut  Patching 

3.  Block  Cracking               12.  Polished  Aggregate 
*4.  Bumps  and  Sags        *I3.  Potholes 

5.  Corrugation                  14.  Railroad  Crossing 

6.  Depression                     15.  Rutting 
*7.  Edge  Cracking               16.  Shoving 

*  9.  Jt  Reflection  Cracking    17.  Slippage  Cracking 

*  9.  Lane/Shldr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

sketch: 

hi 

*3 

Mo 

t 

l(' 

w 

EXISTING  DISTRESS  TYPES 

IO 

-1 

1 

llo=f-\ 

3Z.^M 

*5rl=L 

31    =  L 

li  fr'-   =K 

"*  -M 

4  =  L 

3l    -L 

M 

lo  - 

-7    - 

■-  M 

r  L 

La    =M 

!j£  L 

-73 

$ 

||  M 

Si 

32. 

i^ 

^%  H 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

per  -/co-cov* 

RATING  - 

lO 

4.7 

L 

U 

3 
ft 

l^ 

3.3 

K 

i 

i 

Z.I 

l_ 

4 

i 

O.S 

L 

i^> 

i 

l.l 

M 

Z3 

DEDUCT  TOTAL 

lol 

CORRECTED  DEDUCT  VALUE  (CDV) 

33 

*  4//  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  In  Linear  Ft;  Distress  13  Is  Measurea  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH 
DATE  _ 


*&      U4- 


S£P 


new 


SECTION. 
SAMPLE  UNIT 


L 


SURVEYED 

RY 

LiNOLl 

4/?£>J  OF  SAMPLE 

Distress  Types 

/.  Alligator  Cracking      *IO.  Long  3  Trans  Cracking 

2.  Bleeding                          1 1.  Patching  3  Util  Cut  Patching 

3.  Block  Cracking              12.  Polished  Aggregate 
*4.  Bumps  and  Sags         */J.  Potholes 

5.  Corrugation                  14.  Railroad  Crossing 

6.  Depression                     15.  Rutting 
*7.  Edge  Cracking              16.  Shoving 

*  8.  Jt  Reflection  Cracking    17.  Slippage  Cracking 
*9.  Lane/Shidr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

SKETCH 
M    

1*  -, 

1 

iS"Z. 

f — =r- 
13' 

w 

i 

EXISTING  DISTRESS  TYPES 

7 

IO 

IO 

lo 

\T- 

I 

ZZ^L 

42.  ^^A 

|y  =  L 

Z4  =  t 

%*■[■?  L--L. 

U*i  =  i_ 

**  -h 

8  ^L 

lb  ^  i_ 

1  Z.  =  i- 

lk.=,is 

17   =  M 

4-M 

i  ?  =  K 

?+-L 

14  -L. 

35  =  L 

Zh  =M 

Z^  =  (_ 

<1^M. 

Z;.  -  L 

a  -m 

7  =  l_ 

4=m 

a  -  (- 

Z7  --L. 

S  -r-A 

1  3    -  IM 

4-N\ 

1?  -L 

„£  L 

(*■? 

S^D 

IQ3 

It 

7iiO 

IZ. 

£1" 

55 

So 

2.3 

4-7 

^H 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

PCI  =100  -CDV  = 

1 

3.3 

L 

5 

1 

Z..3 

M 

14 

,o 

\\.\a 

L 

1* 

5  I 

10 

T.l» 

|VA 

z,l 

\T- 

3^.  5 

- 

1 

RATING  = 

l 

O-lj 

L 

a 

15       

3-& 

L. 

i^ 

DEDUCT  TOTAL 

<h 

CORRECTED  DEDUCT  VALUE  (CDV) 

4*1 

15 

'tihiS L  -  L 


"7<* 


*  4//  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  In  Linear  Ft;  Distress  13  Is  Measurea  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH  _ 
DATE  5£^  5 


S£    10 


_£&_ 


SECTION 
SAMPLE  UNIT 


L-n 


SURVEYED 

BY 

LlhJDLi 

A 

REA  OF  SAt 

vIPLE 

Distress  Types 

/.  Alligator  Cracking      *IO.  Long  3  Trans  Cracking 

2.  Bleeding                         ll.  Patching  a  Util  Cut  Patching 

3.  Block  Cracking              12.  Polished  Aggregate 
*4.  Bumps  and  Sags        *I3.  Potholes 

5.  Corrugation                  14.  Railroad  Crossing 

6.  Depression                    15.  Rutting 
*7.  Edge  Cracking              16.  Shoving 

*  8.  Jt  Reflection  Cracking    17  Slippage  Cracking 

*  9.  Lane/Shldr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

SKETCH! 

its 

*z  ' — 

*-* 
Iff- 

-a- 

w 

//// 

EXISTING  DISTRESS  TYPES 

2 

10 

*\ 

££  =^ 

iO~  L 

IZ2?-l- 

*--h 

-n^U 

2.1  ^L 

-j£  L 

S{, 

33 

I2J. 

IS M 

3 

^H 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

PCI  - 100-  CDV  = 

7 

<4-.l 

L. 

6 

,     i:Q.              , 

Z.& 

L 

1 

in 

&.& 

* 

5 

B4 

°l 

q-o 

L 

II 

RATING  = 

DEDUCT  TOTAL 

zq 

CORRECTED  DEDUCT  VALUE  (CDV) 

iz 

*  All  Distresses  Are  Measured  in  Sauare  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  in  Linear  Ft;  Distress  13  is  Measurea  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION    SHEET 


BRANCH 
DATE  __ 


S-3 


g/7/36 


SURVFYFnRY    GivPTa .  LsmdlV 


SECTION 

SAMPLE  UNIT 

AREA  OF  SAMPLE 


Distress  Types 


/.  Alligator  Cracking 
2  Bleeding 
3.  Block  Cracking 
*4.  Bumps  and  Sags 

5.  Corrugation 

6.  Depression 
*7.  Edge  Cracking 
*  8.  Jt  Reflection  Cracking 
*9.  Lane/Shldr  Drop  Off 


*I0.  LongSTrans  Cracking 
II.  Patching  BUtil  Cut  Patching 
12.  Polished  Aggregate 

*13.  Potholes 

14.  Railroad  Crossing 

15.  Rutting 

16.  Shoving 

17.  Slippage  Cracking 

18.  Swell 

19.  Weathering  and  Raveling 


SKETCH! 


2co 


12.' 


EXISTING  DISTRESS  TYPES 


ZOLSi* 


Zap 


*is  h 


PCI  CALCULATION 


DISTRESS 
TYPE 


DENSITY 


?-3 


SEVERITY 


L 


DEDUCT  TOTAL 


CORRECTED  DEDUCT  VALUE  (CDV) 


DEDUCT 
VALUE 


10 


to 


lo 


PCI  =100 -CDV  ■ 
TO 


RATING 


*  All  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  in  Linear  Ft;  Distress  13  Is  Measured  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH 
DATE  _ 


Av/U 


1130 


SECTION 

SAMPLE  UNIT 


i-3 


SURVEYEDRY      O.-frAj     Umci       AREA   OF  SAMPLE 

Distress  Types 

/.  Alligator  Cracking      *I0.  Long  3  Trans  Cracking 
2  Bleeding                          1 1.  Patching  3  Util  Cut  Patching 
3.  Block  Cracking              12.  Polished  Aggregate 
*4.  Bumps  and  Sags         */3.  Potholes 

5.  Corrugation                  14  Railroad  Crossing 

6.  Depression                     IS.  Rutting 
*7.  Edge  Cracking              I6.  Shoving 

*  8.  Jt  Reflection  Cracking    17.  Slippage  Cracking 

*  9.  Lane/Shldr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

sketch:    p 

| 
lwta 

Y 

w 

4 

EXISTING  DISTRESS  TYPES 

1 

IO 

/o 

* 

IO 

i45-N\ 

l^L 

5"=:  M 

M  =L 

Z=L 

it  -  to 

■1  =  N-V 

1+  =  L 

?  -  N-\ 

4    =  M. 

Z-f-ltol    a  L 

1  -L 

1.   -  L 

~  =M 

13=1- 

wS  L 

4« 

!v»i 

3zf- 

llM 

/45 

*4 

ij 

14 

^&  H 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

PCI  =/co-c£n/  = 

1 

"7.  5" 

K 

ZT- 

\0 

11.3 

L. 

T-!> 

IP 

Z.l 

M> 

1* 

3 

3.  3 

U 

lO 

RATING  = 

DEDUCT  TOTAL 

"11 

CORRECTED  DEDUCT  VALUE  (CDV) 

+0 

*  All  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  in  Linear  Ft ;  Distress  13  Is  Measured  in 
NumPer  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH 
DATE  _ 


8/3/  3G 


SURVEYEDBY     ^22Su  Limplv 


SECTION 

SAMPLE  UNIT 

AREA  OF  SAMPLE 


'O 


Distress  Types 

/.  Alligator  Cracking      *IO.  Long  STrans  Cracking 

2.  Bleeding                          II.  Patching  SUtil  Cut  Patching 

3.  Block  Cracking              12.  Polished  Aggregate 
*4.  Bumps  and  Sags        */J.  Potholes 

5.  Corrugation                  K  Railroad  Crossing 
S.  Depression                    15.  Rutting 
*7.  Edge  Cracking              16.  Shoving 

*  3.  Jt  Reflection  Cracking    17.  Slippage  Cracking 

*  9.  Lane/Shldr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

SKETCH 

#3  — 

1 

— -f 

IZJ 

\3& 

w 

EXISTING  DISTRESS  TYPES 

IQ 

IS 

1    J36-L 

l</20  -U 

T&   L- 

^=L 

«,£  L 

/&[ 

l^8> 

11  £ 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

PCI  : 100-  CDV  : 

IO 

10,  & 

L. 

lb 

IS, 

*3 

L 

2.S 

to 

RATING  = 

DEDUCT  TOTAL 

-4-1 

CORRECTED  DEDUCT  VALUE  (CDV) 

50 

^  All  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  In  Linear  Ft;  Distress  12  Is  Measurea  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH  

DATE  8/3/fK, 


SECTION 
SAMPLE  UNIT 


s-// 


SURVEYED RY     Gopta  .  Lr^m-H  AREA   OF  SAMPLE 


.  Distress  Types 

/.  Alligator  Cracking      *\Q.  Long  3  Trans  Cracking 

2.  Bleeding                          1 1.  Patching  a  Util  Cut  Patching 

3.  Block  Cracking              12.  Polished  Aggregate 
*4.  Bumps  and  Sags        XI3.  Potholes 

5.  Corrugat  ion                  14.  Railroad  Crossing 

6.  Depression                    15.  Rutting 
*7.  Edge  Cracking              16.  Shoving 

*  8.  Jt  Reflection  Cracking    17.  Slippage  Cracking 
*9.  Lane/Shidr  Drop  Off    18.  Swell 

19.   Weathering  and  Raveling 

sketch: 

If 

n 

EXISTING  DISTRESS  TYPES 

IO 

/35-L 

77-i. 

I'0»L 

Ll=Jr. 

«j6  l 

Zk5 

11  M 

^  H 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

PCI  - 100- CDV  - 

ID 

1SJ 

L 

20 

so 

RATING  - 

DEDUCT  TOTAL 

10 

CORRECTED  DEDUCT  VALUE  (CDV) 

ID 

*  All  Distresses  Are  Measured  in  Sauare  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  In  Linear  Ft;  Distress  13  Is  Measured  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH 
DATE  _ 


A-u 


11-ao 


SECTION 

SAMPLE  UNIT 


S  -I  Z_ 


SURVEYED 

BY 

/ 

REA  OF  SAMPLE 

Distress  Types 

/.  Alligator  Cracking      *IO.  Long  S  Trans  Cracking 

2.  Bleeding                          II.  Patching  a  Util  Cut  Patching 

3.  Block  Cracking              12.  Polished  Aggregate 
*4.  Bumps  and  Sags        *I3.  Potholes 

5.  Corrugation                  14.  Railroad  Crossing 

6.  Depression                     15.  Rutting 
*7.  Edge  Cracking               16.  Shoving 

*  8.  Jt  Reflection  Cracking    17.  Slippage  Cracking 

*  9.  Lane/Shldr  Drop  Off    18.  Swell 

19.   Weathering  and  Raveling 

sketch: 

\\ 
\isz! 

' 

1                               'I 
11' 

w 

EXISTING  DISTRESS  TYPES 

j J, .    ,. . 

IO 

ZH  -L. 

4W  *  L. 

*§^ 

•zi 

4b 

oliU 

-a  h 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

PCI  =100 -CDV  = 

1) 

1 

i.U 

L. 

1 

10 

z.  ? 

L_ 

U 

DEDUCT  TOTAL 

1 

CORRECTED  DEDUCT  VALUE  (CDV) 

<t 

*  4//  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  In  Linear  Ft ;  Distress  13  Is  Measurea  In 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH  

DATE        8/%lxr« 


SUR  VEYED  RY     Qtcpta    Lixxx* 


csFrrinM        S-/g 
SAMPLE  UNIT . 


AREA  OF  SAMPLE 


Distress  Types 

sketch: 

/.  Alligator  Cracking      *I0.  Long  3  Trans  Cracking 

2.  Bleeding                         //.  Patching  a  Util  Cut  Patching 

3.  Block  Cracking              12.  Polished  Aggregate 

in 

*4.  Bumps  and  Sags        */J.  Potholes 

#4  - 

t 

5.  Corrugation                   14.  Railroad  Crossing 

144 

6.  Depression                     15.  Rutting 

*7.  Edge  Cracking              16.  Shoving 

*  8.  Jt  Reflection  Cracking    17.  Slippage  Cracking 

*J/ f  ' 

*  9.  Lane/Shldr  Drop  Off    18.  Swell 

12.' 

19.  Weathering  and  Raveling 

w 

//// 

EXISTING  DISTRESS  TYPES 

IP 

ID 

15 

1V'L- 

-4--M 

1*144-    L 

l2?M 

■4-U 

4=i- 

5^/M 

4-~  M 

ifrgt- 

4  =  L. 

*£iU 

U5 

4- 

144 

11* 

Zl 

SI- 

2yL 

PCI  CALCULATION 

DISTRESS 

DEDUCT 

TYPE 

DENSITY 

SEVERITY 

VALUE 

PCI  =100 -CDV  - 
&2> 

ID 

M 

L 

M* 

JO 

/.5 

rt 

n 

/<3 

&3> 

L. 

U> 

RATING  = 

DEDUCT  TOTAL 

5) 

CORRECTED  DEDUCT  VALUE  (CDV) 

32. 

*  All  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  In  Linear  Ft ;  Distress  IS  Is  Measurea  in 
NumPer  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH 
DATE  _ 


A^1 


Liijg 


SECTION  . 
SAMPLE  UNIT 


^-14 


SURVEYEDRY     UptAj     LiMpq      ^£4  OF  SAMPLE 


l.  All 

igatoi 

■  Croc* 

Distress  Types 

Cracking 

SKETCH 

1 

2  Bleeding                         II.  Patching  a  Utii  Cut  Hatcnmg 
3.  Block  Cracking              12.  Polished  Aggregate 
*4.  Bumps  and  Sags         *I3.  Potholes 

5.  Corrugation                  14.  Railroad  Crossing 

6.  Depression                    15.  Rutting 
*7.  Edge  Cracking               16.  Shoving 

*  8.  Jt  Reflection  Cracking    17.  Slippage  Cracking 
*9.  Lane/Shidr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

Is' 

13.$' 

w 

//// 

EXISTING  DISTRESS  TYPES 

i£ 

I 

i5 

l  =  i- 

KI13  =M 

|x  too  =  L 

rL 

1  xl  Z-    -  M 

1*75    -  N\ 

Z.I    -  ty\ 

\-  u 

n  -  m 

31.  =  l_ 

.      £_p  M 

-i$  L 

?o 

(oO 

II  * 

4(* 

135 

7? 

<0   n 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

PCI  =100  -CDV  = 

\° 

3.1 

L 

1 

IP 

Z-4 

K 

lb 

1 

8.  1 

NA 

4+ 

5  Z. 

1? 

3.7 

i_ 

»a 

IS 

13. Q 

iM 

4b 

RATING  = 

DEDUCT  TOTAL 

131 

CORRECTED  DEDUCT  VALUE  (CDV) 

(»<& 

*  4//  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  In  Linear  Ft ;  Distress  13  Is  Measurea  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH 
DATE  _ 


anip,r„ 


SURVEYED RY     Qvpta    Utopui 


SECTION         S-  15 

SAMPLE  UNIT __ 

AREA  OF  SAMPLE  . 


Distress  Types 

SKETCH 

t 

/.  Alligator  Cracking       *IO.   Long  S  Trans  Cracking 

2.  Bleeding                          //.  Patching  autil  Cut  Patching 

3.  Block  Cracking              12.  Polished  Aggregate 

*3> 

~' 

*4.  Bumps  and  Sags         *I3.  Potholes 

5.  Corrugat  ion                  14.  Railroad  Crossing 

H-b 

6.  Depression                     IS.  Rutting 

*7.  Edge  Cracking               16.  Shoving 

*  8.  Jt  Reflection  Cracking    17.  Slippage  Cracking 

*2 

-. 

*9.  Lane/Shldr  Drop  Off    18.  Swell 

Jf-7* 

19.  Weathering  and  Raveling 

fi 

H 

EXISTING  DISTRESS  TYPES 

10 

in 

1 

gs»,£. 

5b  =  £- 

1  *M 

J5=JL. 

47=  L. 

1-L 

S^L. 

u'-n 

23--* 

*>-rt 

H^i- 

3s  L 

/t?3 

HO 

7 

II  M 

14 

5^ 

PCI  CALCULATION 

DISTRESS 

DEDUCT 

TYPE 

DENSITY 

SEVERITY 

VALUE 

PCI 
RATIf 

=  100- CDV  = 

IB 

)0 

as 

L 

16 

.  IG 

n  s 

M 

7 

7 

Oj4- 

L. 

-7 

■7 

/.to 

M 

to 

M  = 

DEDUCT  TOTAL 

37 

CORRECTED  DEDUCT  VALUE  (CDV) 

2. '  2- 

*  All  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  in  Linear  Ft;  Distress  13  Is  Measured  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH 
DATE  _ 


tw- 


w     i«eu 


SURVEYED  BY. 


Gi^?rA 


SECTION  _ 

SAMPLE  UNIT 

AREA  OF  SAMPLE 


S  -lb 


/.  All 

igator 

Crack 

Distress  Types 
ing      *IO.  Long  &  Trans 

Crackir 

'ff 

SKETCH 

j 

2.  Bleeding                          ll.  Patching  ttutii  our  rarcmng 

3.  Block  Cracking               12.  Polished  Aggregate 
*4.  Bumps  and  Sags         *I3.  Potholes 

5.  Corrugation                  14  Railroad  Crossing 

6.  Depression                     15.  Rutting 
*7.  Edge  Cracking               16.  Shoving 

*  8.  J t  Reflection  Cracking    17.  Slippage  Cracking 
*9.  Lane/Shldr  Drop  Off    18.  Swell 

19.  Wedthering  and  Raveling 

5 

' 

14?' 

*+ 

' 

U1 

w 

EXISTING  DISTRESS  TYPES 

3 

IO 

»5 

Z-l  -L 

M>*L 

U3a  -i- 

11  *«- 

«J  rs  L 

4--Z.  «  L 

17.  sL 

A±i 

7-1 

14-b 

•eo 

SS* 

a  n 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

PCI  -/cc-ccv  = 

a 

l.l 

L- 

3 

IO 

<\.  1 

L. 

It- 

IS 

5".0 

L 

XI 

/  u 

RATING  = 

DEDUCT  TOTAL 

40 

CORRECTED  DEDUCT  VALUE  (CDV) 

30 

*  4//  Distresses  Are  Measured  in  Square  Feet  Except  Distresses  4,7,3,9 
and  10  Which  Are  Measured  In  Linear  Ft;  Distress  13  Is  Measured  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH 
DATE  _ 


US  251 


V-k 


3/Cd3& 


SECTION 
SAMPLE  UNIT 


SURVEYED RY     GvPTA  Liudl*                ARFA   OF  SAt 

•JIPl  E 

Distress  Types 

/.  Alligator  Cracking      */0.  Long  &  Trans  Cracking 
2  Bleeding                         u.  Patching  3  Util  Cut  Patching 
3.  Block  Cracking              12.  Polished  Aggregate 

*4.  Bumps  and  Sags        *'3.  Potholes 
5.  Corrugation                  14.  Railroad  Crossing 
5.  Depression                     15.  Rutting 

*7.  Edge  Cracking              16.  Shoving 

*  3.  J t  Reflection  Cracking    17.  Slippage  Cracking 

*  9.  Lane/Shidr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

sketch: 

as? 
*7         -A 

m 
i 

EXISTING  DISTRESS  TYPES 

10 

IO 

1  «5 

12. 

40-  L 

4,-z  L- 

/  A  ,^-^r  i. 

b'Z£& 

«,«■=  L 

>i  =  L 

ZS.^  L 

"i£kL 

**£. 

q-L 

2£H=r1 

w$  L 

i> '3 

46 

Zog> 

J2*K 

11  " 

ZC3 

>-&  H 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

PCI  -  100-  CDV  = 

IO 

S<? 

t- 

IZ 

/o 

7  1 

M 

9.P, 

(5 

11 

i- 

2.5 

5-7 

/£ 

4*h.l 

— 

II 

RATING  = 

DEDUCT  TOTAL 

76 

CORRECTED  DEDUCT  VALUE  (CDV) 

43 

*  4//  Distresses  Are  Measured  in  Square  Feet  Except  Distresses  4,7,3,9 
and  10  Which  Are  Measured  In  Linear  Ft;  Distress  13  Is  Measured  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH  _ 
DATE  A^u 


Ui        Z  3  | 


tSjjg 


SECTION. 
SAMPLE  UNIT 


V-1 


SURVEYEDRY  i»^taj        Limp..i       4/?£V1  OF  SAMPLE 


Distress  Types 

■  1.  Alligator  Cracking      *I0.  Long STrans  Cracking 
2  Bleeding                          II.  Patching  QUtil  Cut  Patching 
3.  Block  Cracking              12.  Polished  Aggregate 
*4.  Bumps  and  Sags         *'J.  Potholes 

5.  Corrugat  ion                  14.  Railroad  Crossing 

6.  Depression                     15.  Rutting 
*7.  Edge  Cracking               16.  Shoving 

*  8.  Jt  Reflection  Cracking    17.  Slippage  Cracking 
*9.  Lane/Shldr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

SKETCH 

*3    | : 

ira' 

*(■ 

i,  / 

13'' 

w 

EXISTING  DISTRESS  TYPES 

IO 

IS 

ir 

14=  -L. 

\.  ^Ai^'i-M 

lw« 

13   =NA 

.,     4  =  L„„ 

ia  ^L 

tlL 

\z? 

I  lOta 

%\M 

13 

2-^7 

^  H 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

PCI  =/00-CDV  = 

\o 

~l*  » 

L 

14 

io 

O.Lo 

K 

5" 

i5 

"••* 

M 

4-<* 

b  Z- 

IT, 

-?,% 

— 

1  7- 

/M77/VS  - 

DEDUCT  TOTAL 

11 

CORRECTED  DEDUCT  VALUE  (CDV) 

+£ 

*  4//  Distresses  Are  Measured  in  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  in  Linear  Ft ;  Distress  13  Is  Measurea  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH  S£     1^ 

DATE  3/ 5 fob 

SURVEYED RY     &&m  UNOt-i 


SECTION 


V-& 


SAMPLE  UNIT 
AREA  OF  SAMPLE 


Distress  Types 

■  /.  Alligator  Cracking       *IO.   Long  3  Trans  Cracking 

2.  Bleeding                          ll.  Patching  8  Util  Cut  Patching 

3.  Block  Cracking               12.  Polished  Aggregate 
*4.  Bumps  and  Sags        */J.  Potholes 

5.  Corrugation                  14.  Railroad  Crossing 

6.  Depression                     15.  Rutting 
*7.  Edge  Cracking               16.  Shoving 

*  3.  Jt  Reflection  Cracking    17.  Slippage  Cracking 

*  9.  Lane/Shldr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

SKETCH 
#3 

i 

*—* 

2is' 

H 

EXISTING  DISTRESS  TYPES 

/Cl_ 

1 

2, 

ZJ-i- 

q  -l 

2*218  t- 

I-7.--L 

fo  '* 

l*>-  hi 

Z2.-J- 

mj£ 

-H 

w£  L 

6rt-L. 

°\=L 

436 =J- 

III! 

4-3 -H 

</1  n 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

PCI  - 100-  CDV  = 

lv 

2-33 

L. 

-5 

lo 

I.C* 

h 

iZ 

1 

0-  34- 

L 

2 

71 

2 

i&,7 

i_ 

£. 

RATING  = 

DEDUCT  TOTAL 

23 

CORRECTED  DEDUCT  VALUE  (CDV) 

23 

*  All  Distresses  Are  Measured  in  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  In  Linear  Ft ;  Distress  12  Is  Measured  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH  _ 
DATE  A^m 


r-<o4 


15       MtfW 


SECTION. 
SAMPLE  UNIT 


\-<\ 


SURVEYED RY  unon    /  gAjtaovg.      AREA  OF  SAMPLE 


Distress  Types 

/.  Alligator  Cracking      *I0.  Long  Q  Trans  Cracking 

2.  Bleeding                          ll.  Patching  3  Util  Cut  Patching 

3.  Block  Cracking              12.  Polished  Aggregate 
*4.  Bumps  and  Sags        */3.  Potholes 

5.  Corrugation                  14.  Railroad  Crossing 

6.  Depression                     15.  Rutting 
*7.  Edge  Cracking               16.  Shoving 

sketch: 

IfV 

* 8.  Jt  Reflection  Cracking    17.  Slippage  Cracking 
*  9.  Lane/Shldr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

*-L 

f 

ii'' 

H 

EXISTING  DISTRESS   TYPES 

.      L2 

It 

15 

JS-V,    , 

ta'x-llf- 

344  a  Z-  =M 

3  -i»\ 

5o  =  L 

5  =  M 

F+-L 

lo  =    (v\ 

laU    =   L. 

w£  L 

\1f 

lll»  + 

~77U 

II" 

|$ 

*tt  H 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

per  =  too- cdv  = 

5& 

[O 

1.5 

L. 

14- 

LB 

o  .  $> 

K 

■7 

[-L- 

So 

U 

1  ^ 

1  5 

33.1 

(_ 

4-1 

P4rw<?  = 

DEDUCT  TOTAL 

T4 

CORRECTED  DEDUCT  VALUE  (CDV) 

41, 

*  4//  Distresses  Are  Measured  In  Square  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  In  Linear  Ft ;  Distress  13  Is  Measurea  in 
Number  of  Potholes. 
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FORM    B 
ASPHALT  PAVEMENT  INSPECTION   SHEET 


BRANCH 
DATE  __ 


X-^ 


A* 


\>5    '2k 


SURVEYED RY  &*&&*.    uudlH 


SECTION       )L-l£ 

SAMPLE  UNIT  . . 

AREA  OF  SAMPLE 


Distress  Types 

■  1.  Alligator  Cracking      *IO.  Long STrans  Cracking 

2.  Bleeding                          1 1.  Patching  a  Util  Cut  Patching 

3.  Block  Cracking              12.  Polished  Aggregate 
*4.  Bumps  and  Sags        */J.  Potholes 

5.  Corrugation                  14,  Railroad  Crossing 

6.  Depression                     15.  Rutting 
*7.  Edge  Cracking              16.  Shoving 

*S  Jt  Reflection  Cracking    17.  Slippage  Cracking 
*9.  Lane/Shldr  Drop  Off    18.  Swell 

19.  Weathering  and  Raveling 

SKETCH 

#4 

IZ' 

7* 

1 

i 

H 

4 

EXISTING  DISTRESS  TYPES 

15 

^2<2.^L- 

-,$  L 

<5o4 

IS" 

PCI  CALCULATION 

DISTRESS 
TYPE 

DENSITY 

SEVERITY 

DEDUCT 
VALUE 

PCI  =  100- CDV  = 

15 

35.  -5 

L- 

4 1 

51 

RATING  = 

DEDUCT  TOTAL 

A\ 

CORRECTED  DEDUCT  VALUE  (CDV) 

41 

*  All  Distresses  Are  Measured  In  Sguare  Feet  Except  Distresses  4,7,8,9 
and  10  Which  Are  Measured  In  Linear  Ft ;  Distress  13  Is  Measurea  in 
Number  of  Potholes. 
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APPENDIX  _E  -  OVERLAY  DESIGN  GUIDE 

This  guide  is  written  to  assist  the  user  in  determin- 
ing overlay  thickness  requirements  for  flexible  pavements. 
The  approach  considers  both  the  structural  requirement 
( load-carrying  ability)  and  a  functional  performance 
requirement  (distress  resistance).  Of  the  two  require- 
ments, the  greater  thickness  controls.  In  some  cases,  ade- 
quate structural  capacity  provides  an  opportunity  for  mil- 
ling and  recycling  of  pavements. 

In  applying  the  following  procedures,  several  assump- 
tions are  made: 

1.  An  on-site  inspection  has  determined  that  an  overlay 
is  feasible . 

2.  A  falling  weight  def lectomet er  ( FWD )  nondestructive 
test  (NDT)  device  will  be  used  to  test  the  potential 
overlay  si te . 

3.  Adequate  site  repairs  and  preparation  will  precede 
the  overlay. 

4.  Adequate  materials  and  construction  will  be  used  for 
the  overlay. 
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5.  The  overlay  will  not  be  placed  on  an  unstable  (rut- 
ted) pavement  where  new  rutting  would  be  quickly  mir- 
rored in  the  surface. 

The  guide  is  divided  into  five  sections:  background 
data  and  testing  requirements,  functional  performance 
design,  structural  design,  overlay  thickness  selection  and 
potential  for  recycling,  and  an  example. 

BACKGROUND  DATA  AND  TESTING  REQUIREMENTS 

Contact  the  Program  Development  Division  of  the  IDOH 
to  obtain  the  following  data  for  the  pavement  to  be  over- 
laid: 

1.  Pavement  cross-section.   Asphalt  and   subbase   thick- 
ness 

variability  should  be  investigated.  Note:  this 
guide  does  not  consider  concrete  pavements. 

2.  Traffic.   Trucks  per  day 

(3  or  more  axles)  during  the  overlay  design  life  and 
total  18-kip  equivalent  single  axle  loads  (ESAL)  for 
the  entire  design  life  in  both  directions.  These 
values  should  reflect  a  traffic  growth  factor  as 
determined  by  Program  Development  Division  to  account 
for  increased  traffic  over  the  design  life. 

Once  the  above  information  has  been  obtained,  a  graph 
depicting   the   variations   in   the   data  along  the  section 
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should  be  developed.  An  example  graph  is  provided  in  Figure 
El.  In  this  figure,  a  proposed  overlay  project  has  been 
divided  into  units  of  homogeneous  cross-section,  traffic, 
subgrade  ,  and  topography  (hilly  areas,  river  valleys, 
etc.).   These  units  form  the  basis  for  further  analysis. 

Next,  pavement  cores  and  subgrade  samples  must  be 
taken.  If  homogeneous  units  are  longer  than  one  mile  in 
length,  a  minimum  of  two  cores  and  borings  should  be  made 
per  mile.  If  units  are  less  than  one  mile  in  length,  a 
minimum  of  two  cores  and  borings  should  be  made  per  unit. 
Shelby  tube  samples  of  the  subgrade  should  extend  to  a 
depth  of  at  least  two  feet  below  the  subbase.  The  particle 
size  analysis  and  Atterberg  Limits  on  the  subgrade  samples 
will  allow  the  soil  to  be  classified  by  either  the 
AASHTO  (AASHTO  M  145-82)  or  the  Unified  (ASTM  D  2487-85) 
soil  classification  systems.  Figure  E2  can  then  be  con- 
sulted to  estimate  a  reasonable  value  of  CBR  for  the 
subgrade  soil  beneath  each  unit.  However,  future  research 
may  result  in  recommendations  for  tests  that  better  define 
the  subgrade  properties.  Pavement  cores  and  boring  logs 
must  be  examined  to  confirm  layer  thicknesses,  including 
those  of  the  subbase,  throughout  the  unit.  If  necessary, 
units  can  be  redefined. 

Conduct  non-destructive  tests  on  each  unit.  If  possi- 
ble, perform  FWD  tests  during  the  spring  thaw,  spring/fall 
wet  periods,  and  summer  to  define  the   subgrade   properties 
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throughout  the  year.  Conduct  the  FWD  tests  with  a  9000 
pound  test  load,  which  represents  a  dual-wheel  truck.  load. 
Tests  should  be  run  in  the  right  wheelpath  of  the  outside 
driving  lane.  At  this  time  the  necessary  data  are  deflec- 
tions at  0  ft.  (directly  beneath  the  applied  load)  and  at  7 
ft.  offset  from  load).  A  minimum  of  10  readings  per  unit 
or  20  readings  per  mile  should  be  taken.  The  following 
spacings  are  suggested: 

Rolling  Terrain 100  ft. 

Numerous  Cut-to-Fill  Transit  ions  ....  1 00  ft. 
Level  Terrain 250  ft. 

At   the   site,   pavement   surface   temperature   should    be 

recorded   at   least   twice  per  testing  session  and  at  least 

twice  per  hour  for  longer  sessions.   An   infrared   gun-type 

device   is   recommended  for  ease  of  use.   After  testing  has 

been  completed,  the  mean  air  temperature   during   the   five 

days   prior   to   the   day   of  testing  should  be  determined. 

This  is  computed  as  the  average  of  the  sum  of   the   maximum 

and   minimum   air   temperatures   of  the  five  previous  days. 

This  data  is  available   for   most   Indiana   counties   on   a 

monthly  basis  in  'Climat ological  Data  Indiana'  published  by 

the  ional  Oceanic  and  Atmospheric  Administration,   National 

Climate   Data   Center,  Asheville,  N.C..   Unfortunately,  the 

data  is  usually  published  several  months  after  the   end   of 

the  month  in  question. 

Finally,  enter  field  verified  pavement  data  into   com- 
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puterized  IDOH  data  base. 

FUNCTIONAL  PERFORMANCE  DESIGN 

A  procedure  is  explained  for  determining  the  thickness 
of  overlay  asphalt  necessary  to  maintain  a  functionally 
acceptable  pavement  for  the  overlay  design  life.  A  design 
equation  was  developed  through  a  regression  analysis  of 
data  collected  throughout  Indiana. 

Given  the  inputs  as  previously  determined,  the 
required  overlay  thickness  in  inches  is  given  by  equation 
(El). 

olay  =  0.7592  +  0 . 00145 ( tottrk) 2  +  0 . 00379 ( age ) 2     (El) 

2  2 

+  0.000162(pci)   -  0.000429(cbr) 


where  : 

olay  =  calculated  thickness  of  required,  new 
overlay  in  inches 

tottrk  =  total  trucks  {defined  as  (trucks/day  in  both 
directions)  (overlay  age)  ( 365 ) / 365 , 000} 
over  the  life  of  the  overlay 

age  =  design  life  of  new  overlay  (years) 
10  is  normally  specified 

pci  =  desired  PCI  value  at  the  end  of  the  design 

life  of  the  overlay  (PCI  is  normally  specified 
as  35,  which  approximates  a  PSI  value  of  2.5) 

cbr  =  estimated  subgrade  CBR 

Equation  (El)  has  been  verified  for  the  following  range 
of  design  values: 

1.   Anticipated  overlay  age:   5-20  years 
2a.  Anticipated  daily  trucks:   50-3000 
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2b.  Tottrk:   less  than  32.2 

Note:   If  tottrk  exceeds  32.2,  the 
calculated  overlay  value  may  exceed 
3.0  inches.   If  so,  3.0  inches  should 
be  specified . 

3.  PCI:   35-65 

4.  CBR:   0-40% 


Equation  (El)  does  not  include  provisions  to  vary 
overlay  thickness  "reliability."  For  example,  a  reliabil- 
ity of  95%  means  that  the  overlay  will  be  successful  95  out 
of  100  times.  Reliability  relates  to  potential  success  of 
the  overlay  to  provide  service  for  the  time  period  it  is 
intended  to  last.  The  reliability  for  thickness  designs 
using  (El)  is  approximately  50%:  half  the  pavements  will 
last  longer  than  predicted;  half  will  last  shorter  than 
predicted.  If  reliability  greater  than  50%  is  desired,  add 
the  following  thicknesses  to  result  from  equation  (El)  to 
attain  the  higher  reliabilities. 


Reliability 

(%) 

Additional  Thickness 

(in.) 

95 

0.9 

90 

0.7 

85 

0.6 

75 

0.4 

Use  of   the   additional   thicknesses   is   not   usually 
recommended   because   reliability-based  design  has  not  been 


284 


tested  in  Indiana.  However,  for  higher  volume  roads  where 
high  reliability  may  be  desired,  additional  thickness 
should  be  considered. 

STRUCTURAL  DESIGN 

A  structural  overlay  design  procedure  is  recommended 
based  on  procedures  in  the  "AASHTO  Guide  for  Design  of 
Pavement  Structures",  1986.  A  structural  analysis  is  con- 
ducted for  future  traffic  loads  to  determine  if  an  overlay 
is  needed  to  provide  additional  structural  capacity.  If  an 
overlay  is  required,  the  thickness  is  determined. 

A  design  life  and  P   (terminal  PSI)  are   required   for 

the  overlay  analysis.   Usually,  design  life  is  10  years  and 

p   is  2.5. 
t 

The  minimum  required  field  deflections  are  the  0  ft. 
temperature  corrected  deflections  (described  below)  and  the 
7  ft.  uncorrected  deflections  measured  in  the  summer. 
Additionally,  the  7  ft.  deflections  from  spring  thaw  and 
spring/fall  wet  seasons  are  desired. 

Using  the  pavement  surface  temperature  and  5-day  mean 
air  temperature,  find  a  temperature  correction  factor  for 
the  0  ft.  deflections.  The  correction  factor  is  determined 
by  first  summing  the  average  pavement  surface  temperature 
during  testing  and  the  five  day  mean  air  temperature.  With 
this  sum,  enter  Figure  E3  to  find  a  mean  asphalt  tempera- 
ture.  Enter  Figure  E4  with  the  mean   pavement   temperature 
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and  find  the  deflection  correction  factor  to  be  multiplied 
by  the  0  ft.  deflections  to  obtain  the  temperature 
corrected  deflections. 


Construct  a  graph  similar  to  Figure  E5  to  determine 
pavement  sub-units  (further  breakdown  of  homogeneous  units) 
over  which  the  deflections  are  relatively  similar.  For 
each  of  these  sub-units,  compute  the  85th  percentile 
deflection,  which  is  defined  as  the  mean  plus  1.04  times 
the  standard  deviation  of  all  temperature  corrected  0  ft. 
deflections  in  that  sub-unit.  This  value  will  be  known  as 
the  0  ft.  design  deflection  for  each  sub-unit.  With  the 
design  deflection  values,  calculate  the  required  overlay 
thickness  for  each  sub-unit.  If  thicknesses  for  the  sub- 
units  vary  greatly,  different  overlay  thicknesses  may  be 
required  along  the  pavement  length.  The  individual  struc- 
tural overlay  thickness  design  procedure  follows: 

The  structural  capacity  required  for  the  overlay  is 
determined  in  terms  of  the  structural  number  (SN   )  as 


SN0L  =  SNY  "  FRL(SNXEFF) 


(E2) 


where 


SN    =  the  structural   capacity   of   the   overlay 
)L 
ch  must  be  added. 


whir' 


SN  =  the  total  structural  capacity  required  to 
support  the  overlay  traffic  over  existing 
subgrade  conditions  (i.e.  a  new  design). 

SN  =  the  effective  structural  capacity  of  the 
existing  pavement  immediately  prior  to  overlay. 

F    =  the  remaining  life   factor   which   accounts 

RL 
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for  damage  to  the  existing  pavement  as  well  as 
the  desired  degree  of  damage  to  the  overlay  at 
the  end  of  the  overlay  traffic. 


The  components  of  equation   (E2)   are   determined 
with  the  following  procedure: 


I.  Find  SN   —  use  the  nomograph  in  Figure  E6.    with   the 
following  steps. 

1.  Select  desired  level  of  reliability  from  Tahle  El 

2.  Select  standard  deviation  of  0.35  (as  recommended 
in  AASHTO) 

3.  Total  18-kip  EAL  =  18-kip  EAL  over  the  overlay 

design  life  in   one   direction  as 
provided  by  the  Program  Development  Division 
(divide  traffic  in  both  directions  by  2).   If 
roadway  is  multi-lane,  traffic  may  be  distributed 
based  on  expected  lane  use. 

4.  Effective  Roadbed  Soil  Resilient  Modulus  (M  )  is 

R 


given  by  MR= ( PS  ) / (D  R) 


(E3) 


where : 

P  =  the  NDT  load  in  pounds  at  time  of  testing 
S   =  the  subgrade  modulus  prediction 

factor  given  by  in  terms  of  subgrade 

Poisson's  Ratio  (PR). 

PR  =  .50   S  =0.269 

PR  =  .40   s£=0.289 

PR  =  .30   Sp=0.297 

D   =  the  measured  NDT  deflection  (in.) 
R 

R    =  radial  distance  from  the  center 
of  the  load  (in.) 
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a.  Find  M   based  on  the  above  equation  for  each 

R 

season  in  which  testing  was  done  using  the 
deflections  at  7  ft. 

b.  Use 

Figure  E7  to  determine  an  effective  M 

R 

for  the  entire  year.  Interpolate  for  months 

in  which  M   values  are  not  known. 
R 

c.  If  deflections  for  more  than  one  season  are  not 

available,  use  the  modulus  obtained  from  summer 
def lections 
5.   Design  serviceability  loss  is  generally 
4.5  -  2.5  =  2.0 
The  SN  value  read  from  the  bottom  of  the  chart  is  SN„ 


II.  Determination  of  SN 

XEFF 

Find  SN      from  the  FORTRAN  program  listed  at  the  end  of 

this   appendix.   The  program  computes  SN      based   on  an 

XE  r  F 

elastic  layer  theory  equation  from  Appendix  PP  of  the 
1986  AASHTO  Guide  which  relates  temperature-corrected 
deflection  directly  under  load  to  subgrade  strength  (cal- 
culated previously  as  M  )  and  pavement  strength  (SN     ). 

R  e       XEFF 

SN      can  then  be  calculated  because  deflection   and   M 
Abr  r  R 

are   already   known.    An  input  file  is  required  of  which 

the  first  line  is  the  number  of  SN  ,     calculations  to  be 

XEFF 

made.    Subsequent   lines   contain    input   data  for  each 
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desired  SNXEFF  calculation  and  consists  of  the   following 
items  with  a  space  between  each  item: 

1.  title  (one  word) 

2.  effective  modulus  of  roadbed  soil  (psi) 

3.  poisson's  ratio  of  roadbed  soil 

4.  thickness  of  pavement   system   above 
the  roadbed  soil   (in.) 

5.  applied  NDT  load  (lb.) 

6.  temperature-corrected  deflection  beneath  load  (mils/Klb) 


III.  Calculation  of  F    requires  determining  values  for  the 

RL 

following  3  intermediate  variables  before  final  calcu- 
lation of  F   :   pavement  condition  factor  C  ,   remain- 
RLi  a 

ing   life   value   of   the   existing   pavement  R.Y»  and 
remaining  life  value   of   the   overlaid   system   after 


overlay  traffic  has  been  reached  R   . 

Li 


1.  Find  R 


LX 


a'  CX  =  SNXEFF/SN0 
where : 


(E4) 


SN   =  the  SN  of  the  existing  pavement 
when  new  and  undamaged. 

(Currently,  Indiana  uses  a  composite  layer 
coefficient  for  asphalt  of  a   =  0.34. 
The  subbase  layer  coefficient  is 
taken  as  a   =  0.14) 

SN      =  calculated  above 
X  Ji  r  r 

b.  With  C  ,  enter  Figure  E8  to  find  R 


2.  Find  RLy  =  (NpY-Y)/(NFY) 


(E5) 
l,  i       r  i         r  i 

where : 

Y    =  design  traffic  (18-kip  ESAL  truck 

traffic  in  one  direction  in  design  lane) 
( same  as  1.3.) 
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N    =  the  number  of  18-kip  ESAL's  to 
FY 

reduce  the  PSI  from  4.5  to  2.0 

To  compute  N   : 
r  Y 

a.  Using  the  same  reliablity  and  standard  devi- 
ation as  determined  in  Steps  1-1  and  1-2,  enter 
Figure  E6  at  the  left  and  find  the  corresponding 
point  on  the  first  turning  line. 

b.  Starting  at  the  bottom  of  the  grid  at  SN  , 
proceed  upward  to  the  APSI=2.5  curve  and 

over  to  the  left  edge.  This  corresponds  to  a  PSI 

drop  from  4.5  to  2.0.   Using  the  M   estab- 

-R 

lished  earlier,  proceed  to  the  second  turning 

line  . 

c.  The  line  connecting  the  points  established  on 

the  turning  lines  passes  through  the  value  N 

FY 

3.   Use  Figure  E9  and  the  values  of  R    and  R 

to  determine  F„„ . 
RL 


Now,  with  SN  ,  SN     ,  and  F    known,  SN     can   be   calcu- 
Y     XEFF         RL  OL 

lated  from  Equation  (E2).  The  thickness  of  the  asphalt 
overlay  required  to  maintain  structural  adequacy  can  be 
determined  by  the  equation:  SN  /a  =  inches  of  asphalt. 
The  layer  coefficient  currently  used  in  Indiana,  a.,  is 
0.34. 

Note:  A  negative  value  of  SN  indicates  that  the  pavement 
does  not  require  a  structural  overlay  during  the  design 
period . 

OVERLAY  THICKNESS  SELECTION  AND  POTENTIAL 
FOR  MILLING  AND  RECYCLING 

If  both   the   structural   and   functional   performance 
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analyses  yield  positive  values  for  required  overlay  thick- 
ness, the  larger  of  the  two  values  should  be  specified. 
However,  Indiana  experience  shows  that  in  most  cases,  a 
maximum  overlay  thickness  of  three  inches  will  be  satisfac- 
tory. 

No  structural  overlay  is  required  if  structural  over- 
lay thickness  is  negative.  In  fact,  the  pavement  should 
not  fail  structurally  if  (SN  /0.34)  inches  of  asphalt  are 
removed  from  the  pavement.  This  situation  presents  the 
opportunity  to  mill  and  recycle  the  surface  of  the  pavement 
instead  of  adding  additional  thickness. 

The  following  is  recommended  if  no  structural  overlay 
is  required  and  milling  is  to  be  evaluated: 

1.  Do  not  mill  a  thickness  exceeding  the 
required  functional  performance  overlay 
thickness . 

2.  The  overlay  may  consist  of  a  combination 
of  recycled  and/or  new  asphalt  equal  to 
the  required  functional  performance  overlay 
thickness . 

The  recommendations  above  are  conservative  because 
their  net  effect  does  not  decrease  the  structural  capacity 
of  the  pavement.  If  the  designer  is  certain  that  the 
effective  structural  capacity  far  exceeds  future  require- 
ments, he  may  mill  a  thickness  exdeeding  the  functional 
performance   thickness.    However,  recommendation  #2  should 


291 


not  be  violated  because  without  required  functional  perfor- 
mance overlay,  the  pavement  will  deteriorate  quickly  and 
require  another  overlay  before  the  end  of  the  design 
period . 
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EXAMPLE 

I  Given: 

1)  A  principal  arterial  road 

2)  Deflection  testing  performed  once — in  summer 

3)  Design  life  =  10  years,  p   =  2.5 

4)  In  situ  pavement  structure  from  coring  and  subgrade 
class  if icat ion 

11.2  inches  asphalt 
4.8  inches  subbase 
A-4  /  SC  subgrade 

5)  Trucks/day   (3  or  more  axles;  two  directions)  =  2175 

18-kip  ESAL  (over  design  life,  two  directions) 
=  3,  100,000 

6)  5-day  mean  air  temperature    =  72  F 

7)  Pavement  surface  temperature  =  85  F 

8)  Raw  data  from  field  testing 

FWD  load  =  13.4  kips  (not  the  9  kip  recommended  load) 

FWD  plate  radius  =  5.9  inches 

Design  0  ft.  deflection 
=  0.03020  inches 

Design  7  ft.  deflection 
=  0.00236  inches 

II  Functional  performance  overlay  thickness. 

1.  Estimate  CBR  using  Figure  E2. 
Result:   CBR  =  14 

2.  Use  Equation  (El)  to  calculate  required 
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functional  performance  overlay  where 
CBR  =  14,  age  =  10,  pci  =  35, 
tottrk  =  (2175)(10)(365)  =  21.75 
365,000 


Result:   Olay  =  2.0  inches 


III   Structural  overlay 

1.  Find  mean  asphalt  temperature.   Do  this  by  averaging 
temperatures  at  3  depths  within  the  asphalt  layer 
found  using  Figure  E3 :   1"  deep,  mid-layer,  and 
bottom  of  asphalt  layer. 

Result:   mean  asphalt  temperature  =  77  F 

2.  Find  temperature  adjustment  factor  using 
Figure  E4. 

Result:   Adjustment  factor  =  0.93 

3.  Calculate  temperature  corrected  0  ft. 
design  deflection 

Result:   ( 0  .  93 ) ( 0 . 0302  in)  =  0.0281  in. 

4.  Calculate  M   using  Equation  (E3) 

R 

with:   P  =  13,400  lb.,  S   =  0.29, 

DR  =  .00236  inches,  R  =  84  inches 

Result:   M   =  19,600  psi 

R 

5.  Calculate  SN   using  Figure  E6 

with:   Reliability  =  0.85,  S.D.  =  0.35, 

one-directional  18-kip  ESAL  =  1,550,000 
APSI  =  4.5  -  2.5  =  2.0 


Result:   SN   =  2.4 

6.  Calculate  SN      from  computer  program 
with:   M_  =  19,600 
u=  0.35 

pavement  thickness  =  16  inches 
load  =  13,400  lb. 
deflection  =  .0281  in.  or  |j  '■  }    ™il;?    =  2.11  mils/k-lb 


13.4  k-lb 


Result 


SNXEFF  =  3'13 
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7.  Find  F   : 

RL 

SN   =  a   D   +  a2  D 

where    a°  =  asphalt  layer  coefficient 

a„  =  subbase  layer  coefficient 

D1  =  asphalt  layer  thickness 

D_  =  subbase  layer  thickness 

SN   =  (11.2)(0.34)  +  (4.8)(0.14)  =  4.48 

From  equation  (E4),  Cx  =  3.13/4.48  =  0.70 

From  Figure  E8,  R    =8% 

Calculate  N    using  same  input  as 

in  step  (5)  except  APSI  =  4.5  -  2.0  =  2.5 

Result:   N    =  1,700,000  18-kip  EAL 

1,700,000-1,550,000   _ 
RLY  "  l      1,750,000      ; 

From  Figure  E9,  F    =  0.61 
RL 

8.  From  Equation  (E2), 

SN    =  2.4  -  (0.61)(3.13) 
0L   =  0.49 

9.  Required  structural  overlay  =  0.49/0.34  =  1.45  inches 
IV.  Recommend  overlay  thickness. 

2.0  inches  >  1.45  inches, 


Therefore , 
2.0  inch  functional  overlay  controls. 
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Table  El.   Reliability  Values. 


Functional 
Classification 


Recommended  Level  of  Reliability 


Urban 


Rural 


Interstate  and  other 
freeways 

85  -  99.9 

80  -  99.9 

Principal 
Arteriais 

80  •  99 

75  -  95 

Collectors 

80  •  95 

75  -  95 

Local 

50  -  80 

50  -  80 

Note:  Results  based  on  a  survey  of  the  AASHTO  Pavement  Design  Task 
Force 
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Project  Length 


Factors 


R  (Rigid) 
Pavement  Type      I  • 

REC-5 
(Reconstr) 
I  ■        ■  I  « 


Const  History 


Cross  Section 


Subgrade 


OR-15 
(Original) 


F  (Flex) 


— H 
OL-20 
(Overlay) 
>+- H 


C1                      C2                            C3  C4 

10pcc/6gsb       9pcc/6atb               4ac/8ctb         2acOL/3ac/12gb 
I  «        »  I  «  ■!  « »l»  *i 


S1 

(Soil  Type  1 ) 

1  ■  »l- 


S2 
(Soil  Type  2) 


Overlay  Traffic       h 


T1 
(Traffic  Level  i ) 


T2 
(Traffic  Level  2) 


Final  Units 


5      6 

■  I  ■    ■  I  ■ 


Unit  Attributes: 
Unit  No. 

Pavement  type 
Construction  Hist 
Cross  Section 
Subgrade 
Overlay  Traffic 


1 


R 

REC-5 

C1 

SI 

T1 


R 

OR-15 

C2 

S1 

T1 


R 

OR-15 

C2 

S2 
T1 


F 

OR-15 

C3 

S2 

T1 


F 

OL-20 

C4 

S2 

T1 


F 

OL-20 

C4 

S2 

T2 


Figure  El.      Determination  of  Pavement  Units. 
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CALIFORNIA    BEADING  RATIO- Can1" 

_? 5 I r_9_jo  13        ;o       a     x        40      M     6Q 


joaojoioo 


(1)  For  the  basic  I  del.  see  O.  J.  Pontr,  -FotindatkHU  lor  Flexible  Pavements.-  Highway  Research  Board  Proceedings  ol  Ifia  Twtr.iy-swcono  Annual 
Uaal/ng.  1942.  Vol  22.  pages  100-138. 
|2)  ASTM  Designation  02497 

(3)  -Claaaincallon  ol  Highway  Subgrade  Malanaia.'  Highway  Research  Board  Proceetflnga  ol  Iha  Twmnlylllin  Annual  Umnj.  1949.  Vol.  25.  pagaa 
378-392.  ^^ 

(4)  Airport  Pairing.  U.S.  Department  ol  Commerce.  Federal  Aviallon  Agency.  May  1948.  pages  11-18.  Estimated  using  values  given  In  FAA  Design 
Manual  lor  Airport  Pavement*  (Formerly  used  FAA  Classification:  Unilied  Clssslllcallon  now  used.) 

(5)  C.  E.Warnes.  'Correlation  Between  R  Value  and  *  Value."  unpublished  report.  Portland  Cement  Association.  Rocky  Mountain-Northwest 
Region.  October  1971  (best-Ill  correlation  with  correction  lor  saturation!. 

(8)  See  T.  A.  Mlddlebrooks  and  Q.  E.  Bertram.  "Soil  Tests  tor  Design  ol  Runway  Pavements."  Highway  Research  Board  Proc—Otrm  ol  the  rwenry- 
eecond  Annual  Afaellng.  1942.  Vol.  22.  page  152 
(7)  See  Item  (8).  page  184. 


Figure  E2.      Estimation  of   CBR. 
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PAVEMENT  SURFACE  TEMPERATURE  PLUS  S-OAY  MEAN  AIR  TEMPERATURE.  »F 


20 


W    M    100   120   140   ICO   ISO   200   220   240  2M 


70 
SO 
60 
40 
30 


i — i — i     i      r     r 

DEPTH  IN  PAVEMENT  2SMM  (1  IN.) 
SOMM  (2  IN.) 
100MM  (4  IN.) 


ISO 


140 


g    20 
2 


0 
-10 


120    b. 


100 


-30-20-10       0         10       20        30        40       SO       SO        70        SO        SO       100 
PAVEMENT  SURFACE  TEMPERATURE  PLUS  S  DAY  MEAN  AIR  TEMPERATURE.  *C 


Figure  E3.      Estimation  of  Mean  Asphalt  Temperature. 
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<U        0.4       OJ        U        1.0        1JI        1.4        1.»        11 
TEMPERATURE  ADJUSTMENT  FACTOR 


ro 


2.4 


Curve  Identification 


Base  Material 

Asphalt  (Full  Depth) 

Asphalt  (Deep  Strength) 

Portland  Cement  Concrete 

Granular  (Non  Stabilized) 

Cement  Treated  Base 
Sound 
Cracked 


Curve  (Base  Thickness) 

A     (All  Thicknesses) 

B     (4"  of  granular  subbase) ' 

G 

C(6");  0(12");  E(20");  F(25"l 

D(4");  E(8") 
C(4");  D(8") 


l*l     If  more  than  4"  of  granular  material  present  use  "Granular  (Non  Stabilized)' 
base  material  category 


Figure  E4.   Temperature  Adjustment  Factor. 
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Sta  0+00 


Sta  xx+00 


Project  Limits 


Figure  E5.   Determination  of  Pavement  Sub-Units. 
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Month 

Roadbed 

Soil 
Modulus. 
MR     (psi) 

Relative 
Damage, 

Jan. 

20.000 

0.01 

Feb. 

20,000 

0.01 

Mar 

2.500 

1.51 

Apr 

4.000 

0.51 

May 

4.000 

0.51 

June 

7,000 

0.13 

July 

7,000 

0.13 

Aug. 

7.000 

0.13 

Sept. 

7,000 

0.13 

Oct  • 

7,000 

0.13 

Nov 

4.000 

051 

Dec 

20.000 

0.01 

Summatior 

i:    2u  .   = 

3.72 

"         Su.    = 


12 


30 


20 


10 


~~Z 


005 


05 


o        2 


.50        er 


10 


50 


10.0 
13.0 


Effective  Roadbed  Soil  Resilient  Modulus,  MR  (psi)    =      5,000      (corresponds  to  uj 


Figure  E7.   Determination  of  Effective  M  . 
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o  I    i     i i i I L 


J I l_l I L_J I ■      i       i 


.7  .8 

C,   -  Pavement  Condition  Factor 


1.0 


Figure   E8.      Determination  of   IL 
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R,  Remaining  Life  (Overlaid  Pavementl     % 

Lv 


Figure  E9.      Determination  of  F      . 

RL 
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c  This   program   calculates   the    eff 
c  number  (sn)  of   a   pavement   based 
c  Appendix  PP  of  the  1986  AASHTO  Guide 
c  from  a  file  whose  first  line  is  the 
c  Each   subsequent   line   consists  of: 
c  roadbed   soil   (psi);   poisson's  rat 
c  thickness  of  pavement   system   above 
c  (in.);   applied  NDT  load  (lb.);  defl 
c  (mils/Klb).   Input  problems   one   to 
c  format.      The      program      uses 
c  procedure     to     implicitly     det 
c  structural   number.   It  is  based  on 
c  if   the   SN   assumed   is   too   low, 
c  calculated      will    be    higher   t 
c  recorded.   Furthermore,  the  program 
c  load   applied   through   a   single  pi 
c  5.9  inches.  This  is  the  case  with  th 
c  started   low,   the   theoretical   def 
c  greater   than  the  actual  deflection 
c  a  value  large  enough  to  make  the  the 
c  just  less  than  the  actual   one.    At 
c  iterating  and  print  the  results. 


ective    structural 

on    equations  from 

It   reads   input 

number  of  problems. 

title;  modulus   of 

io  of  roadbed  soil; 

the   roadbed  soil 

ection  beneath  load 

a   line   in   free 

an    iterative 

ermine     effective 

the  assumption  that 

the     deflection 

han   that   actually 

assumes   a   single 

ate  whose  radius  is 

e   FWD .    Since   sn 

lection   should   be 

until  sn  takes   on 

oretical  deflection 

this   point   stop 


character* 10  title 

real  p,  ht,  ac,  sn,  urs,  ers,  do,  fb 
real  increm,  temp,  parta,  partb,  diff 
integer  j,  numprobs,  iter,  maxiter 
The  radius  of  the  applied  load  for  the  FWD  was 
5.9  inches 
ac=5.9 
Structural  Number  (sn)  will  be  incremented  by 
0.01  each  loop 

increm=0 .01 
The  maximum  number  of  iteration  will  be  1500 
maxiter=l 500 
read*,  numprobs 
do  10  j=l, numprobs 

read*,  title,  ers,  urs,  ht ,  p,  do 
Convert  deflection  in  mils/Klb  to  inches 

do=  do*p/1000000 
Start  with  a  very  low  sn  and  initialize  number  of 
iterations  to  0 
sn=0.01 
iter=0 
Calculate  deflection  piecewise 
20     fb=((361bl.5*(sn**2))/((ac**2)* 
&.  (ers**0.667))  +  l)**-0.5 

parta=2*p*((0.0043*ht)**3)/ 
&  (3.1416*ac*(sn**3)) 

partb=l+fb*(((sn**3)*( l-(urs**2)))/ 
&  (ers*((0.0043*ht )**3))-l) 
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c  Theoretical  deflection  is  'temp.' 
temp=parta*partb 

low,  the   theoretical   deflection 

r   than   the  actual   deflection   i 

a   value  large  enough  to  make  the 

tion  just  less  than  the  actual  one 

iterating  and   print  the  results 


than 


If  sn 
value 


Since  sn   started 
should   be   greate 
until   sn  takes  on 
theoretical  deflec 
At  this  point  stop 

dif f =do-temp 

if  (diff.gt. 
goto  50 

endif 
Also,  if   the  numb 
is   probably   faul 
With   increm=0.01, 
15. 

if  (iter  .  gt . 
goto  50 

endif 

is  too  low  t 
and   iterat 
increment   sn  by 
re-calculate  the  t 

it er=it er+1 

sn=sn+increm 

goto  20 

the  results 

print*,  titl 

if  ( iter . gt . 

print*  ,  'Max 

endif 

print*, 

print* , 

print*  , 

print* , 

print* , 

print* , 

print  *  , 

print(55), 

format  (a7 ,f 

print* ,  ' 

print* , 

print*,  ' 
Continue  and  read 
10     continue 

stop 

end 


0)  then 


er  of   iterations   is  too  high,  data 

ty  and  the  program  should  be  stopped 

this   corresponds  to   an  SN  greater 


Print 
50 


maxiter)  then 


o  give  a  satisfactory  deflection 
ions   are  less  than   the  maximum, 
'increm'   and   iter   by  1.   Then 
heoretical  deflection. 


maxiter)  then 

imum  number  of  iterations  reached 
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Ers    = 

'  ,  ers 

urs    = 

'  ,urs 

ht       = 

',ht 

P 

'  »P 

do       = 
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APPENDIX  F  -  AASHTO  GUIDE  APPENDIX  PP 
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PP.1   BACKGROUND 

The  Non-Destructive  Testing  (NDT)  Method  2  analysis  presented  in 
Chapters  3  and  5  of  Part  III  is  based  upon  the  maximum  measured  deflection 
from  the  dynamic  NDT  equipment  and,  as  such,  does  not  require  a 
computerized  analysis  to  back  calculate  layer  moduli  (E^)  as  necessary  in 
the  NDT  Method  1  approach.  This  method  is  to  be  used  for  the  evaluation 
of  flexible  overlays  constructed  over  existing  flexible  pavement  systems. 

In  essence,  this  method  uses  the  maximum  NDT  deflection,  d  ,  at  the 
NDT  load  plate  center  and  the  roadbed  soil  modulus,  Eoc  ,  determined  from 
the  analysis  of  the  deflection  basin  (outer  geophone)  presented  in  Chapter 
5  of  Part  III  and  Appendix  M  to  determine  the  in-situ  or  "effective" 
structural  number,  SN^^f.  The  total  pavement  thickness,  tu,  of  all 
layers  above  the  subgrade  is  also  necessary  in  the  solution  sequence. 

The  purpose  of  this  appendix  is  to  present  the  analytical  background 
development  of  the  equations  used  to  predict  SN xeff  for  a  particular  NDT 
device,  maximum  deflection  and  roadbed  soil  modulus.  A  typical  set  of 
!3Nxeff  predictive  curves,  developed  for  a  variable  load  FWD  impulse  device 
(plate  diameter  11.8  inches)  is  presented  to  illustrate  how  the  equations 
can  be  used  to  develop  similar  curves  applicable  for  any  dynamic  NDT 
device  a  user  agency  may  have.  Finally,  an  example  problem  is  developed 
to  illustrate  how  the  particular  set  of  curves  can  be  used  to  predict  the 
SNxeff  value. 

PP.2   THEORETICAL  DEVELOPMENT 

Figure  PP.1  illustrates  a  flexible  pavement  as  a  multi-layer  elastic 
system,  having  layer   characteristics  of  thickness,  h^,    structural  layer 
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coefficient,  a.,  elastic  modulus,  E^,  and  Poissons  ratio,  Uj,  From  Theo 
de  Barros,  the  total  pavement  thickness,  ht ,  can  be  viewed  as  being 
comprised  of  a  single  equivalent  transformed  material  of  modulus,  E  . 

The  equivalent  pavement  modulus,  E  ,  can  be  expressed  by: 


hi 

h 
t 

* 

Ei    (1"Ue2) 

E      = 

e    / 

\ 

U-Uj2) 

1/3 


(PP.1) 


For  the  conventional  AASHO  analysis,  the  structural  number  of  a 
flexible  pavement  system  is  viewed  as: 


SN 


=  X^hiai 


(PP.2) 


If  one  considers  a  pavement  layer  material,  of  thickness  h- 


and 


quality  a-  ,  differing  from  that  of  the  same  category  material  that  was 
used  at  the  AASHO  Road  Test  (quality  a.js)»  the  equivalent  thickness  of  the 
standard  material,  h  ,  can  be  determined  by  equating  the  SN.  value  of 
both  materials: 


*  h, 

lm 


(PP.3) 


is 


An  alternative  form  of  this  relationship  is: 


a.   = 

lm 


h. 

lm 


(PP.4) 


If  one  views  both  of  these  pavement  layers  (h.,  ;  h   )  as  having  equal 
SNj  values,  it  can  be  concluede  that  the  "stiffness"  of  both  layers  is 
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also  identical.   Thus: 
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If  it  is  assumed  that  for  any  given  general  material  type  category 
(i.e.,  granular  material  or  asphaltic  material),  that  u.  is  equal  to  u^m, 
then: 


1/3 


(PP.8) 


Based  upon  the  following,  for  any  given  pavement  structure  comprised 
of  pavement  layers  having  different  quality  levels  (a-): 


SN 


Eh. a.   =  V^h.a. 
i  lm    [__,    l  u 
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In  lieu  of  using  a  relative  standard  material  for  each  layer  (i.e., 
als'  a2s'  a3s'  eCc,)>  an  arbitrary  standard  material  having  a  layer 
coefficient  can  be  selected  (ass)-   For  this  condition: 


a.   =  a 

Is    ss 
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Is     ss 
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In  general, 
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Since  a   is  a  constant  (once  the  material  is  selected  as  a  standard), 


SN  =  a 


ss 
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In  Part  II,  Chapter  2  of  this  Guide,  it  is  noted  that  the  AASHO  Road 
Test  results  for  the  crushed  stone  (granular  base)  are  represented  by: 

a2  =  0.14 

E2  ■  30,000  psi 

If  these  values  are  arbitrarily  selected  as  the  standard  material, 
ass  =  0.14;  Ess  =  30,000  psi  and  letting  usg  =  0.35;  then, 


SN  =  0.14 


(1-0.35  ) 


30000 
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SN  =  0.0043 


h. 
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(1-up 
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Referring  back  to  Figure  PP.1,  and  substituting  the  equivalent 
pavement  moduli  expression  for  Eg  into  the  equation  above  the  SN,  an 
expression  can  be  developed  that  relates  the  Eg  value  as  a  function  of  the 
total  pavement  thickness  and  structural  number.   If  it  is  assumed  that  u 


is  equal  to  uRc  (roadbed  soil),  then: 


E   = 

e 


SN 


0.0043*h 


(1"URS  > 


(PP.18) 


As  will  be  seen,  this  equation  represents  a  very  important  result. 

When  one  views  the  transformed  pavement  section  of  Figure  PP.1,  it 
can  be  seen  that  the  original  multi-layered  pavement  can  be  expressed  as 
an  equivalent  two  layer  pavement  structure  having  E,  =  E  ,  E2  =  ERS 
(referred  to  as  MR  in  Part  II),  and  h-^  =  ht.  In  addition,  u  can  be 
selected  to  have  any  value,  u^  =  ug  =  uRg.  If  a  dynamic  NDT  device  of 
known  load,  P,  and  plate  radius,  ac,  is  placed  on  both  systems,  the 
maximum  deflection,  dQ,  can  be  found  from  Burmeister's  two  layer 
deflection  theory.   This  equation  is: 


d  = 
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2  *c  ac  "-"M  >  Fw 


RS 


(PP.19) 


Tne  Fw  Parameter  is  called  the  Burmeister  two  layer  deflection  factor 
and  is  expressed  by: 
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In  this  equation,  Fu  is  the  Boussinesq  one  layer  deflection  factor 
and  is  given  by: 


Fb  = 
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The  term  h   is  called  the  equivalent  transformed  thickness  and  is 


given  by: 


h  =  0.9  h 
e        t 
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Substitution  of  the  Eg  equation  into  this  expression  leads  to: 
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Finally,  the  Burmeister  deflection  equation  can  also  be  written  in 
terms  of  the  NDT  plate  laod,  P,  rather  than  plate  pressure  and  rearranged 
to  yield: 


d  = 
o 


2  P  (1"URS  } 
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Substitution  of  the  E  equation  into  the  above  results  in: 


d  = 
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The  equation  for  F,  as  a  function  of  h   (which  in  itself  is  a  function 
of  SN,  a  ,  u„g,  and  ERg)  has  been  previously  defined. 

From  a  functional  viewpoint,  the  d  equation  can  be  described  by: 
do  =  fl  (P.  ac.  uRS,  ERS,  SNxeff,  and  ht) 
This  implies  that: 


SNxeff  -  f2  <p.  ac.  uRS,  ERS,  ht,  dQ) 

For  a  given  dynamic  NDT  deflection  device,  both  the  dynamic  load,  P, 
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and  load  plate  radius,  a  ,  are  constant.  For  a  given  pavement  system,  the 
measured  deflection,  d  ,  on  a  pavement  of  total  thickness,  ht,  is  only  a 
function  of  the  SN xeff  and  the  roadbed  soil  properties  (E^g  anc*  URS^'  As 
the  value  of  uRS  can  be  accurately  assumed  and  ERc  can  be  determined  from 
the  procedure  presented  in  Part  III,  Chapter  5  and  Appendix  M,  the 
effective  structural  number,  SN xeff>  value  can  be  directly  estimated. 

PP.3  DEVELOPMENT  OF  SN  RELATIONSHIPS  FOR  A  UNIQUE  NDT  DEVICE 

As  noted,  the  solution  to  obtain  the  in-situ  structural  capacity 
(SN  rr)  is  a  function  of  the  particular  load  and  load  plate 
characteristics  of  the  specific  NDT  deflection  equipment  used  (steady 
state  vibratory  or  impulse  FWD).  The  final  evaluation  equation  presented 
in  the  previous  section  is  readily  adaptable  to  either  a  computer  or 
graphical  analysis.  Figure  PP.2  represents  a  typical  solution  for  a  10,000 
pound  FWD  device,  having  a  plate  diameter  of  11.8  inches  (a  =  5.91 
inches) . 

The  set  of  curves  are  developed  for  a  range  of  support  conditions 
(Eric)  and  a  total  pavement  thickness  (ht)  of  10.0  inches.  Similar  curves 
for  other  ht  values  can  be  established  from  the  equations  so  that  a  family 
of  ERg  and  ht  curves  can  be  established.  Although  the  curves  have  been 
developed  for  a  specific  NDT  dynamic  load  (P)  of  10,000  pounds,  the 
general  assumption  of  linear  elasticity  implies  that  pavement  deflection, 
d0,  is  proportional  to  the  dynamic  load.  As  a  result,  the  set  of  curves 
are  really  applicable  to  the  entire  range  of  dynamic  loads  used  on  a 
particular  NDT  device.  This  is  accomplished  by  adjusting  a  measured 
deflection  at  any  load  P.  to  the  deflection  that  would  occur  at  a  load  of 
10,000  pounds. 

For  the  curves  shown  in  Figure  PP.2,  a  uRS  of  0.5  has  been  assumed. 
When  this  value  of  Poisson's  ratio  is  utilized,  the  equation  for  F^  is 
greatly  simplified: 
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Fb  = 


1   + 


36161.5   SN 


xeff 


*  2  E*s2/3 

c        RS 


-1/2 


(PP.27) 


PP.4  EXAMPLE  SOLUTION 

One  of  the  most  important  factors  to  remember  when  using  the  NDT 
Method  2  procedure  (SNxe£f  curves)  is  that  the  measured  deflection,  d  , 
must  be  corrected  to  a  standardized  temperature  condition  in  accordance 
with  the  method  presented  in  Appendix  L.  This  adjusted  deflection  is  the 
value  that  is  used  to  predict  the  SNxerr  value.  However,  equally 
important  is  the  fact  that  the  adjustment  must  not  be  accomplished  until 
after  the  roadbed  soil  modulus  value,  ERc »  has  been  predicted  from  the 
original  (unadjusted)  deflection  basin  measurements. 

An  example  to  illustrate  the  use  of  the  procedure  is  as  follows: 


Given: 


An  NDT  deflection  test  is  conducted  on  a  flexible  pavement  structure 
comprised  of  a  3-inch  asphalt  surface  course  and  a  7-inch  asphalt  base 
material.  A  Falling  Weight  Def lectometer  is  used  to  measure  the 
deflection  basin  under  a  10,000  pound  load.  The  device  uses  a  11.8-inch 
diameter  load  plate.  The  average  pavement  temperature  during  the  time  of 
the  test  was  found  to  be  95°F  (from  Appendix  L).  A  maximum  deflection  of 
0.019  inches  was  obtained  during  the  test.  An  analysis  of  the  outer 
geophone  deflection  indicated  that  the  in-situ  roadbed  soil  modulus  at  the 
time  of  the  test  was  20,000  psi  (computed  in  accordance  with  Appendix  M). 


Find: 


For  this  input  data,  determine  the  effective  structural  number  of  the 
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existing  pavement  by  NDT  Method  2, 


Solution: 


For  this  problem: 

P  *  10  kips, 
ac  =  5.91  inches,  and 
ht  =  h^  +  ti2_  ■  10  inches. 

Therefore,  the  NDT  load-pavement  thickness  allows  for  the  use  of  Figure 
PP.2.  Referring  to  Figure  L.3  (of  Appendix  L),  the  deflection-temperature 
adjustment  factor ,-Fd,  for  full  depth  asphalt  pavements  at  95  °F  is  0.63. 

The  adjusted  dQ  value  is  therefore: 

dQ(adj)  =  (0.19  inches^*  0.63  =  0.012  inches 

For  an  in-situ  roadbed  soil  modulus  (ERS)  of  20,000  and  an  adjusted 
maximum  deflection  (dQ)  of  0.012  inches,  Figure  PP.2  is  used  to  determine 
that: 

SNxeff  =3.30 

As  a  final  point  to  this  example  problem,  it  should  be  recognized 
that  the  SNxeff  value  is  determined  with  the  actual  ERS  value  at  the  time 
of  the  NDT  test  and  with  a  temperature  adjusted  dQ  value.  For  an  eventual 
overlay  analysis,  the  roadbed  soil  modulus  value  of  20,000  psi  need  not  be 
the  eventual  design  value  as  the  designer  must  assess  the  annual 
environmental  impact  in  accordance  with  procedures  noted  in  Part  II  of 
this  Guide.  Nonetheless,  the  prediction  of  the  SNxeff  value  from  NDT 
results  must  use  the  actual  in-situ  roadbed  soil  modulus  at  the  time  of 
the  NDT  test  and  not  the  eventual  design  value. 


